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Media play a large part in most of our daily lives. We watch 
television; we go to the movies; we listen to the radio. For years 
for the purpose of teaching in the classroom. Here at the Physics 
Department of the University of the Pacific, we have adapted the 
medium of synchronized slide-tapes for use in the laboratory component 
of our calculus-based introductory physics course. 
Synchronized Slide-Tapes e,-
A synchronized slide-tape presentation is a completely 
automatic audiovisual program which coordinates a series of still 
photographs in the form of a projected slide presentation, with an 
audio tape recording. Typically the audiovisual hardware consists of 
a visual-sync cassette recorder, a slide projector equipped with a 
remote control facility, and a projection screen. 
A visual-sync cassette recorder is a special cassette recorder 
which utilizes both sides of a cassette tape simultaneouslyo It 
records the audio portion of a program on the bottom half of a cassette 
tape, and records inaudible synchronizing pulse signals on the top 
half. When the tape is played back and the recorder is connected to 
the remote control outlet of the slide projector, these signals trigger 
the projector's slide advance mechanism. 
Most visual-sync cassette recorders utilize a synchronizing 
1 
pulse with a frequency of 1000 Hz, so that tapes recorded on one model 
can be played back on most other models and brands. Most recorders 
can be used with a variety of modern slide and filmstrip projectors, 
as long as they are equipped with remote control facilities. 
Synchronized slide-tapes can be used for either group or 
individual study, The aforementioned audiovisual hardware can be 
utilized in either capacity though it is primarily de_~gned_!or large 
group use because of the space requirement. Synchronized slide-tapes 
can also be played on single unit rear-screen synchronized sound/slide 
projectors, which are designed specifically for individual or small 
group use in small quarters. 
Synchronized as well as manual slide-tapes are used at all 
levels of education, as well as in industry. (With manual slide-tapes 
slides are advanced manually by an operator. The advancement of the 
slide is cued by an audible tone programmed into the tape recording. 
This type of media precludes the need for a visual-sync cassette 
recorder; a standard cassette recorder suffices.) For example here 
at the University of the Pacific, synchronized slide-tapes are used to 
introduce prospective students to the university during recruiting 
trips. 
However slide-tapes are generally used sparingly in education, 
especially when compared to other audiovisual media, such as films or 
television. Furthermore their use is generally restricted both to 
topics of general interest and to the primary and secondary levels 
of education. They are seldomly used in the college level classroom, 
With this in mind we studied the medium and decided to adapt 






alternative to traditional means of education, 
Our Intentions ;-: 
Our purpose in producing synchronized slide-tapes is to furnish 
instructors of the laboratory components of calculus-based introductory 
physics courses with an alternate means of providing students with an 
introduction to the experiments that they are to perform. Essentially 
recitation that the laboratory instructor would otherwise normally 
present to the students before an experiment. 
By no means are we claiming that the use of synchronized 
slide-tapes represents the best way to present the subject matter to 
the students; nor are we even claiming that they represent the best 
medium that can be used in that capacity. Certainly the traditional 
recitation by the laboratory instructor in front of a chalkboard prior 
___ to_.11n e~_ex_iment,_has-been successful for generations. Perhaps other---
media may be equally or more effective. For instance here at the 
Physics Department, videotapes have previously been produced and used 
in the physics laboratory as an alternative to traditional methods, 
However considering the present trends in physics education, 
and depending upon the needs and preferences of the particular 
laboratory instructor and physics department, we believe that 
synchronized slide-tapes are a viable alternative and an effective 
means of presenting subject matter to the physics student. 
We wish to clearly state that we are not condoning nor even 
attempting to use synchronized slide-tapes as a replacement for the 
laboratory instructor. We strongly feel that interaction between 
4 
students and the latoratory instructor during their performance of the 
experiment, or afterwards, when they interpret their data and results, 
is helpful, necessary, and often a vital part of the learning 
experience. 
Synchronized slide-tapes cannot interact with the students; 
that is the responsibility of the laboratory instructor. However 
synchronized slide-tapes can effectively give information to students 
and relieve the laboratory instructor from the burden and 
responsibility of preparing and delivering lectures. 
... 
Chapter 2 
MEDIA IN EDUCATION 
Before we discuss our work with synchronized slide-tapes, we 
feel that it is appropriate to discuss the uses of media in general, 
of the results of research and the opinions of researchers in this 
area. 
Definition of Media 
Varying definitions of ''media" can be found in the literature. 
However in this thesis we will adopt the definition of media as 
expressed by Walter A. Wittich and Charles F. Schuller: 
The term "media" ••• now usually refers to the broad range 
____ of-aud:i.ov:i.sua±-ma-teriaJ:s;- programmed instruction and television_. 
The use of this term in this way is supported by Standards for 
School Media Programs (1970), a joint publication of the 
American Association of School Librarians and the Association 
for Educational Communications and Technology. More specifically, 
"media'' thus refers to films, filmstrips, recordings, posters, 
maps, charts, and flat pictures, as well as the newer media 
learning materials and methods .•. such as programmed materials, 
~elevisi~n, remoti-access retrieval systems, computer-assisted 
~nstruct~on, etc. 
Note that according to this definition, the written word is 
excluded as a medium. Thus the printing in a book is not a medium, 
though any illustrations or photographs contained in the book are 
included as a medium. 
1walter A. Wittich and Charles F. Schuller, Instructional 




Media in Society 
Today we live in a social environment that is 
heavily exposed to and influenced by various forms of media. The 
sheer numbers are staggering. By the time a youth graduates from high 
school today, he has viewed approximately fifteen-thousand hours of 
television, has attended five-hundred feature motion pictures, and in 
addition, has had a constant background of radio and records, Dur~i~n~g~--------
the same years he has spent just eleven-thousand hours in school. 
The mass communications media can be viewed as a distinct part 
of the total social process. Morris Janowitz and David Street 
identify three functions of media within this context--providing 
information, socializing, and mobilizing: 
By this function we mean the transmission and dissemination 
of information and essential knowledge, and the posing of 
alternatives for economic, social and political action. By the 
socialization function, we mean the transmis·sion of a cultural 
system, and the inculcation of values and norms which make 
___ possible a ~erson~s-participation in a variey of social 
groupings--from the family to the nation-state. By the 
mobilization function, we refer to the processes of persuasion 
and the development of loyalties and attazhments which are 
essential for collective problem solving. 
Educators have conducted considerable research on the value of 
media in achieving the function of providing information. Tests of 
verbal knowledge. do indicate that the use of media can provide for 
learning. But this is hardly news. 
Much less is known about the contributions of media to the 
~orris Janowicz and David Street, "The Social Organization of 
Education," The New Media and Education, eds. Peter H. Rossi and 
Bruce J. Biddle (Garden City: Doubleday, 1967), p. 230, cited by 
John B. Haney and Eldon J, Ullmer, Educational Communications and 




other two functions. These are areas in which research is difficult, 
because of the superimposition of media upon other factors, such as 
heredity, environment, religion, ethnic background, and family 
structure. Since these functions do not pertain to this work, we will 
not make any attempt to pursue them further. 
Research of Media in Education 
Almost all of the_maj-or-f-Gms-sf-me-d-±-a-£-ound------wiaeappl:ication in 
entertainment and broadcasting before they became common in education. 
Though various forms of media have long been used in education, it was 
not until the late 1950's, when millions of dollars in local and 
federal funds were spent in order to provide media-learning resources 
for teachers to use, that the great flux of media into the classroom 
began. Since then thousands of research studies have been conducted in 
order to follow the effects of these media-learning relationships. 
Different researchers have drawn different conclusions and 
-~----
generalizations over the effectiveness of media-learning relationships, 
but generally, they_are favorable. According to Mark A. May and 
Arthur A. Lumsdaine: 
One of the major conclusions of previous research is that 
films and other graphic materials of all varieties and qualities 
have proved to have value for instruction at all grade3levels and for certain parts of a great many school subjects. 
According to Wittich ana Schuller: 
Research evidence has established that information can be 
communicated more efficiently by using appropriate new media--
3 Mark A. May and Arthur A. Lumsdaine, Learning from Films 
(New Raven: Yale, 1958), p. 4, cited by Edgar Dale, Audiovisu;.l '-





audiovisual o4 learning materials--than by using traditional 
verbal means. 
The fundamental idea of media-related instruction essentially 
is no longer on trial, just as education through textbooks and 
laboratory techniques is no longer on trial. Media are now a part 
of every modern learning environment. 
Roles of Media in Education 
8 
1----------------·rf we are to develop any meaningful ideas about the use of 
l 
media in education, we should consider it within the context of 
education. Carl w. H. Erickson and David H. Curl point out the roles 
of media in the teaching-learning process. They assert that 
audiovisual technology: 
1) provides the teacher with a means for extending his students' 
horizon of experience, 
2) helps the teacher provide his students with meaningful 
sources of information, 
--31---provl:deB-th·e---re-a:cher with interest-compelling springboards 
which can launch students into a wide variety of learning 
activities, 
4) multiplies teacher efficiency by providing tutorial stimuli 
and response guidance for individual students and small 
groups, 
5) helps the teacher to overcome physical difficulties of 
presenting subject matter, 
6) offers rich opportunities for students to develop communication 
skills while actively engaged in solving meaningful problems, 
and 
7) provides the teacher with tools to casry out diagnostic 
testing, research, and remedial work. 
4wittich and Schuller, p. 36. 
5 Carlton W. H. Erickson and David H. Curl, Fundamentals of 
Of course each audiovisual material does not necessarily play 
each of the roles in education. However some materials may function 
in more than one role simultaneously, or at different times, or 
different materials may be selected to perform different roles 
simultaneously, A more detailed discussion of each of the roles is 
quite informative. 
Extending the human exp_P_r_iPnce-.. Qne-ef--t-he-e-h-ar-a-c-teri-s-t-i-c-::1 
of learning is the ability to abstract. However a certain amount of 
experience with real situations is needed before we can proceed to 
profit from abstractions, Learning would be easier if we had an 
optimum amount of real experience, but this is not often the case. 
Not everyone has ever seen the moon through a telescope. Fewer have 
ever walked on the moon. Ausiovisual materials can put us there. 
They can extend our experiences, though perhaps vicariously, 
Nevertheless the exjle_r_ie_n_cs><;;_that audiovisual materials bring to us 
can help us to gain more insight into subjects that might otherwise 
be treated strictly from verbal materials. Motion pictures, 
television, and carefully prepared slide-tape sequences are 
particularly valuable in this role. 
Providing meaningful information. The task of teachers today 
is greater than ever, in that they are required to teach more subject 
matter and broaden the scope of their goals, particularly at the 
elementary school level. Audiovisual materials can relieve teachers 
Teaching with Audiovisual Technology (2nd ed.; New York: Macmillan, 
1972), p. 16 0 
:o---
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from the repetitive and burdensome task of giving information, 
allowing them more time for creative work with their students. 
Audiovisual materials provide easily understood information in various 
forms, Television, films, diagrams, charts, globes, maps, slides, 
transparencies, models, etc., all enhance the clarity of communication 
and increase the speed of comprehension. 
~_t_imulating interest. S_timulating_in_ter-es-t-is-pe~haps--t-he--------
best known and most widely used, but too often abused role of media 
in education. Audiovisual media can develop an awareness of problems, 
open up possibilities for exploration, and present meaningful 
preliminary information, thus opening up paths to new activities. 
But too often teachers fail to effectively follow up on the interest-
compelling power of media. It is important that student interest is 
aroused; media can accomplish that. However what happens afterwards 
____ i_s __ more important. __ li<e_dia provides only a springboard. Propagation oL ___ _ 
the interest is left up to the teacher. 
Guiding student response. Traditionally, in the classroom, 
the teacher is the center of attention, as well as the primary source 
of information. Media is used as a supplement to illustrate, clarify, 
focus attention, show otherwise inaccessible material, or even to 
entertain. Today various forms of media can be programmed in such a 
way that they alone can teach. One such example is "programmed 
instruction," which consists of short "frames" which require constant 
student participation and repeated reinforcement. With their use 
students learn alone, and at their own pace, participating actively 
throughout each lesson, and receiving prompt confirmation or 
ll 
correction of each of their responses, However programmed instruction 
must be handled carefully. It should be used to draw set responses 
only, for it can suppress intuition and alternate methods of thinking 
if used improperly. 
Overcoming physical limitations. Teachers face many 
difficulties in making information available t.o students, How do they 
1 
_____ descrih_e_f_o_r_eign_coun-t-r-ie-s-?--H.ew-de-E-hey-- show--sma-1-1---o-bj e-c-t-s----co an 
entire class simultaneously? How do they avoid redoing complicated 
chalkboard drawings? These are all communication problems which media 
can help to solve. Films, television, orslide-tape presentations can 
be used as an alternative to lectures, Projected slides can show 
close-ups of small objects to an entire class simultaneously. 
Drawings can be put on transparencies and then projected onto a screen. 
These are just a few examples of how the imaginative use of media in 
education can help the teacher to overcome physical limitationso 
Stimulating problem solving. Students learn more if they are 
engaged in significant and appealing activities, One of the ways to 
motivate students to actively participate is to have them present 
projects using audiovisual materials. Many forms of media are 
relatively simple enough technically, so that students can plan, 
research, and do all the creative and technical work themselves. 
This also offers students a unique communication opportunity. 
Providing diagnostic and remedial tools, Lastly, the use of 
media can shift the teacher from a presentation role to that of 
diagnostician, counselor, and tutor. Audiovisual hardware can uncover 
12 
and correct weaknesses in student performance. For example, an 
audiometer may indicate levels of hearing sensitivity; optical devices 
test for visual defects; and a tachistoscope may help to remedy 
short-visual-span trouble as a cause of reading difficulties. 
Tenets of Media-Related Learning 
The broad and varied use of media can effectively offset many 
impediments to learning_. _Ho_w_e_1l.er_no-ma-t-te-r--hetv-we-l-l-Eh.e-dev±-c-e-s-s-e-em----
to serve, in order for them to be truly effective for the student, the 
teacher, in selecting them and the subject matter they are to 
communicate, must take into account the effective integration of the 
devices with learning. According to Wittich and Schuller, there are 
six vital tenets of learning which are closely related to the 
effective use of audiovisual communication: 
1) Each learner is unique, particularly with respect to the 
efficiency of his receptor mechanisms and his response 
capabi1i ties. 
2) Perception is the foundation of learning. 
3) The learner must become involved. He must be aware of his 
purposes and conduct much of his own search for information, 
skills, and understandings. He must know what performance is 
expected and become involved in all aspects of the media 
learning process. 
4) Content and the media used to communicate it must be suitable 
to the learner. 
5) Teaching strategies must be appropriate. 
6) Creativity is the goal of learning. Creativity beco~es 
evident through the observable response of learners. 
Each learner is unique. Each person has a unique bundle of 
6
wittich and Schuller, p. 46. 
~ 
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receptor and response capacities, which results in wide variations in 
reception, perception, and response, in any group learning experience. 
This creates a challenge to the teacher to provide an environment for 
learning, taking these differences into account, which can be depended 
upon to achieve learning goals. There is a number of ways in which 
the teacher can cope with these diversities. One is to use 
individualized and small-group instruction, as well as the traditional 
--~----
large group instruction, depending upon the individual differences. 
Another is to arrange a variety of alternative learning experiences, 
through the use of various forms of media, to provide reinforcement, 
the choices to be made by the learners, in terms of their own 
individual interests. A third is to allow frequent responses of 
individuals so as to better. reveal the nature and accuracy of their 
conceptualizations and understandings. 
Perception is the foundation of learning. Perception is the 
means by which we sense or become immediately aware of our environment. 
We perceive through our five senses, the efficiency of which varies 
among individuals as much as individuals themselves. But perception 
is a mental process, and the process of understanding begins with 
perception. The better we pe:t;ceive something, the better we can 
understand it. Thus whenever media is used as a substitute for first-
hand experience, the intent of the media should be clearly conveyed to 
the students. Also perceptually, the audiovisual substitute should 
adequately represent reality. 
The learner must become involved. This tenet of media-related 
learning is one of the central areas of agreement among educational 
l4 
psychologists. In order to follow this tenet effectively, teachers 
should be aware of several student patterns. Students usually 
participate actively in learning experiences which they help to plan; 
students are likely to exhibit apathy, and escape responsibility if 
teacher direction is excessive; and students tend to progress toward 
the completion of a learning experience in terms of their own 
purposes, Normally the greater the students' participation in setting 
purposes, the higher are the levels of achievement they seek, 
Learning experiences must be suitable. This point is obvious 
but often overlooked, Both the subject matter and the means by which 
it is conveyed to the students, must be geared to the students' 
interests, abilities, and readiness for that learning situation. The 
teacher must determine the students' background experience and then 
direct the learning experience at their proper response levels. 
Teaching strategies must be appropriate. The present trend 
in teaching strategy is to first present basic background. learning 
materials to large groups of students. Then the large groups are ,.-
reorganized into smaller groups for purposes of discussion, planning, 
reporting, and evaluating. Individualized or self-tutorial learning 
resources should be available to students who choose to pursue their 
own plans and pace, This allows students to plan, inquire, become 
involved, engage in a self-directed search to discover and know, and 
finally to apply their information in patterns which can be developed. 
~reativity is the goal of learning. Finally, learning for 
learning's sake is not enough. Though mediated. learning experiences 
15 
can exceed what may be learned through more traditional verbal 
experiences, students should be encouraged not to be satisfied until 
they have experimented with creative and inventive ways to apply their 
newly learned skills and information. 
Learning Theories and Media 
For hundreds of years man has recorded his ideas about how 
but agreement •on the essential points, for all practical purposes, the 
numerous theoretical variations of educational psychologists can be 
grouped under two major philosophies--the behaviorist and the 
cognitive. 
Within the basic framework of the behavioristic philosophy, 
learning is a process of changing or modifying behavior. The elements 
of learning are explained within a stimulus-response model, where 
learning is regarded as a process of acquiring specific responses in 
the presence of specific stimuli. 
This stimulus-response process has four elements. First there 
is the drive; that is, the learner feels a need for something and is 
motivated to achieve it. Next there is the stimulus, when the learner 
is given a message or cue which prompts him to respond. Then there is 
the response. Here the learner reacts to the stimulus with an 
expression of overt behavior. Finally there is reinforcement; the 
learner is rewarded for making the correct response. 
In order to achieve the desired stimulus-response links, the 
teacher must define specifically the behavior that he wants the 
student to acquire, program the appropriate sequence of stimuli to 
16 
cue student responses, and then reward correct responses, 
One of the forms of media in which this theory is generally 
applied is that of programmed instruction. In this medium the frames 
provide the stimulus. The knowledge of making the correct response 'pio 
is presumed to be satisfying, so that it serves as the necessary 
reinforcement. Due to physical and time limitations of the teacher, 
some use of mediated programmed instruction is essential to 
implementing a behavioristically oriented curriculum, 
The most fundamental premise of the behavioristic learning 
theory is that behavior is a function of its consequences, To the 
behaviorist behavior is equal to learning, and learning is almost 
totally a function of reinforcing contingencies associated with 
student behavior. 
To those psychologists supporting the cognitive philosophy, 
learning is a function of perceptual experiences and cognitive 
which act upon and alter each individual's personal structure or 
"field" of knowledge, abilities, and attitudes. Thus learning 
provides rich sensory experiences intended to affect a learner's 
general attitudes and appreciations, and abilities in subject matter 
tasks. The cognitive theorist then uses media to serve as a means 
of providing multisensory experiences and dramatizing the elements 
of man and his world. 
Though the audiovisual movement is not directly linked to 
any particular theory of learning, most practitioners reflect the 
cognitive philosophy. They emphasize audiovisual materials as a 
means of involying several senses of the learner, and as a means of 
lJ 
combating excessive "verbalism" in the classroom. Audiovisual 
materials thus provide experiences rich in sensory and emotional 
impact, and are more "realistic" and "concrete" than purely verbal 
presentations and materials. One of the fundamental themes in 
audiovisual literature is that the more concrete a presentation is, 




SYNCHRONIZED SLIDE-TAPES AS AN EDUCATIONAL MEDIUM 
In this section we will explore the uses of still projection 
in education and discuss the general pros and cons of synchronized 
slide-tapes as an educational audiovis_ual_medinm, __ _ 
Still Projection 
Still projection,, of course, is the projection of still images. 
Types of still projection include slides, filmstrips, audioviewer 
systems, transparencies, opaque projection, microfilm, microfiche, and 
holography. 
Generally still projection is accomplished by passing light 
through film or other transparent materials containing images such as 
·--pitturesor-drawings, and-transmitting them onto a screen. The two 
exceptions are opaque projection, in which light is shone onto an 
opaque material, and the reflected image is projected onto a screen, 
and reflective holography, in which no screen is necessary. 
Wittich and Schuller have drawn the following generalization 
from the thousands of research studies that have been conducted on 
media-learning relationships: 
The carefully planned use of projected still images--
including slides and filmstrips, particularly when integrated with 
supporting verbal instruction and explanations available either 
in print or in audio-recorded format--can help learners to 
accomplish significant increases in learning associated with 
1 social studies, science, language arts, and industrial education, 
18 
More specifically, Wittich and Schuller have found that 
research on still projection has demonstrated the following: 
1) Still projection is an effective means of communicating 
factual information and certain skills. 
2) Combining still-projection media with other types of teaching 
materials and methods in terms of a careful analysis of the 
needs of the learning situation is likely to produce the most 
efficient learning outcomes, 
3) The extent to which still-projection materials embody unique 
19 
1 ________ p_i_c_toxia_l_o-r-gxap-h-i-G-GGn-ten-t-s-f-g-eed-qua-1-i-ty-h-as-a-d±re-c-t-------
bearing on their effectiveness in teaching. In other words, 
as is true of other teaching materials, still-projection 
materials must be selected and u2ed effectively if they are 
to provide the maximum benefits. 
Needless to say many forms of still projection are used 
extensively at all levels of education. 
Advantages of Synchronized 
Slide-Tapes 
Synchronized slide-tapes are advantageous as an audiovisual 
_____ medium in a number _ _Q_f__wa:,cs_that makes them an attractive means of 
instruction for both the teacher and the student. Consider the 
following: 
1) Synchronized slide-tapes involve a series of step-by-step 
developments according to a fixed logical progression. 
2) The cost of producing synchronized-slide-tapes is economical, 
especially when compared to many other audiovisual media. 
3) Synchronized slide-tapes are easy to produce, especially when 
compared to many other audiovisual media. 
4) Synchronized slide-tapes can easily be made accessible to 
students. The equipment is easy to store, handle, and 
operate. 
1Wittich and Schuller, p. 33. 
2wittich and Schuller, p. 421. 
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Step-by-step development. In developing a topic, particularly 
in a science class, a teacher normally introduces an idea, develops 
it, and then arrives at a conclusion, following a step-by-step 
development. For example in the laboratory component of science = 
courses, an instructor normally gives the students a concrete goal, 
and then explains the theoretical or experimental methods that the 
students need to use in order to attain that goal. The explanation 
follows a fixed logical progression. Synchronized slide-tapes, by 
virtue of their presentation format, are ideal for the purpose of 
introducing and developing ideas to a conclusion. One slide follows 
the next, each being supported by the appropriate audio accompaniment. 
Each slide has a distinct purpose in the development of an idea; the 
next one develops it further. 
Cost-effectiveness. Synchronized slide-tapes can be cost-
__ _,eJf_e_c_tiye_,_especialJ.-y-when--e<Jmpared to such conventional audiovisual 
media as television or films. The cost of producing open or closed 
circuit television presentatiqns, or films, is obviously high, 
especially when taking into account the initial hardware expenses. 
Utilizing such audiovisual media is prohibitive to any modest budget. 
1he hardware that is required in order to produce synchronized slide-
tapes consists of the following: 
1) a 35 mm camera, 
2) a slide projector with a remote control facility, 
3) proper lighting equipment, 
4) a projection screen, and 
5) a visual-sync cassette _recorder. 
21 
Aside from the possible exception of the visual-sym-c cassette 
recorder, many individuals or departments within schools own the 
necessary hardware, or at the very least, the equipment may be 
obtained from the audiovisual departments, Many audiovisual 
departments have visual-sync cassette recorders, but if one is not 
available, they can be purchased for. approximately one-hundred and 
fifty dollars and up. Thus the initial investment needed for hardware 
in order to produce synchronized slide-tapes should not exceed the 
cost of the visual-sync cassette recorder itself. 
The costs of the audiovisual software, such as film and film 
processing, cassette tapes, and illustrations, and of other materials, 
such as slide drums or a photographic backdrop, in the initial 
adaptation of the medium for its specific purpose are high, but will 
eventually be greatly lowered. For instance if the photographer is 
inexperienced and initially takes many pictures of poor quality, 
then expenses can be significant until he gains more experience. 
Any money lost on consumable software should be considered as an 
initial adaptation investment and a learning experience, for the 
ability to produce synchronized slide-tapes comes quickly. 
There are methods available for reducing costs. For example 
there are many audiovisual books and pamphlets which suggest methods 
to the inexperienced for producing inexpensive illustrations for 
slide presentations. 3 Many government agencies and private 
corporations have slides related to their work available to the 
public, often at no cost. Cheap brands of film and film processing 
3several references can be found in the bibliography. 
.... 
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are available to the adventurous, though sometimes the results are of 
obvious low quality, 
Ease of production. The third advantage is that synchronized 
slide-tapes are easy to produce compared to such conventional media 
as television or films, both in terms of the accessibility of 
audiovisual hardware and software, and the required technical skills. 
usually be obtained from individuals, audiovisual departments, or other 
departments within schools, The software and other materials can be 
purchased at discount stores, photographic supplies stores, or art 
supplies stores, Quick,, and convenient film processing is available 
in most local areas, or can be transacted by mail if necessary. 
Probably the most difficult technical skill needed in order to 
produce synchronized slide-tapes is the ability to take good pictures. 
However even the novic;;_can quickly become competent with a 35 mm 
--
camera. The instruction manual explains the functions of the various 
parts of the camera. Many photographic mistakes are apparent upon 
inspection of the processed print or slide, and most photographic 
""' supplies store employees or other camera experts can usually explain 
any technical problems which occur. 
j 
Operating visual-sync cassette recorders is not much more 
difficult than operating standard cassette recorders. Most 
instruction manuals are helpful in suggesting ways to gain the 
optimum benefit from their use, Slide projectors are easy to operate; 
their operation is usually self-explanatory. 
Most troubleshooting involved with producing synchronized 
~3 
slide-tapes is easy. If a slide is out of sequence, or the narration 
on the audio portion of the presentation is not lucid, or a slide is 
advanced too quickly to achieve its full impact, or the audio and 
visual portions of the presentation are out of synchronization, the 
due course of action is obvious. Synchronized slide-tapes can be 
edited without the need for any additional equipment. The order of 
the slides in the drum can be rearranged; the audio portion ~o~f__:t:::h:::e:_ _____ _ 
presentation can be rerecorded; and the synchronizing pulses can be 
reprogrammed, all with relative ease. 
The techniques necessary to produce synchronized slide-tapes 
can easily be learned. However the producer will find experience to 
be the best instructor. 
~= 
Accessibility. Lastly, the audiovisual hardware and software 
needed to present a synchronized slide-tape are easy to store, 
handle, _and_OJ>erate. __ Thl'_har_dware consists of a visual-sync cassette 
player, a slide projector, and a projection screen. The audiovisual 
software consists of a drum of slides and a cassette tape. If the 
equipment is set up in advance, their operation can be initiated by 
flipping one switch and pushing one button. In addition single unit 
rear-screen synchronized sound/slide projectors preclude the need for 
both the aforementioned hardware and large quarters. 
Because of these conveniences, synchronized slide-tapes can 
easily be made available for students to view at their own convenience, 
without supervision. Students may view them individually, or in small 
or large groups. Furthermore they can be viewed more than once, if 
necessary; and viewings need not be scheduled. 
Shortcomings of Synchronized 
Slide-Tapes 
At this point we should discuss several shortcomings of 
synchronized slide-tapes which are apparent when they are compared to 
the traditional classroom recitatio~. (However it should be noted 
that many of these shortcomings are not unique to synchronized slide-
tapes, and that many other audiovisual media share similar problems.) 
1) Student interaction with synchronized slide-tapes is limited, 
2) Note-taking during synchronized slide-tape presentations 
may be difficult. 
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3) Poor technical quality deters the effectiveness of synchronized 
slide-tapes. 
Student interaction. The traditional classroom recitation 
allows for interaction between the teacher and the students if the 
class is not too large. On the other hand synchronized slide-tapes 
-----------------
are basically a one-way communication form. It is possible for 
synchronized slide-tapes to pose questions to students and then 
indicate the answer, but student questioning is not possible. A 
special model of visual-sync cassette recorders (known as auto-stop 
visual-sync cassette recorders) has a device that can temporarily 
freeze a presentation on a programmed cue; and resumption of the 
presentation must be triggered manually. This scheme forces students 
to consider questions posed to them before continuing the presentation. 
But again student questioning is not possible. 
Though synchronized slide-tapes may be viewed by any number 
of students at any given time, they are basically a group technique, 
in that they are produced for and directed towards a group of students 
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rather than an individual, They cannot be halted for individual 
study, or sections cannot be repeated, without disrupting the 
continuity of the presentation, 
Note-taking. In a traditional classroom lecture, the teacher 
normally writes important points on the chalkboard, giving students 
ample time for note-taking. However if important information is 
presented on a slid_e_~_o_n_ce_i_t-is-ad:vaneed-d-u:!'-i-ng--a-synchron±-z-e-d-s1.-id'"e"'-o-----­
i---
tape presentation, the information cannot be retrieved. Thus if note-
taking is important, synchronized slide-tapes must be programmed in 
order to give students ample time to do so; otherwise note-taking must 
be de-emphasized, and if necessary, important information (such as 
lists or equations) should be made available to students through other 
means. 
Synchronized slide-tapes are normally viewed in a dark room. 
However darkened room~ gcmditions hinder students from taking notes, 
so if note-taking is desirable, then sufficient light must be allowed 
into the room. (A darkened room is not essential when using rear-
screen synchronized sound/slide projectors,) 
Technical quality. Lastly students tend to be forgiving of a 
teacher, if during a lecture, he makes mistakes; students can usually 
filter through them, provided there are not too many. However 
students tend to associate technical professionalism with an 
audiovisual production, so they tend to expect technical perfection. 
I£ students are to extract any educational benefits from audiovisual 
media, the medi<t must be carefully prepared. A garbled narration is 
disturbing; a narration out of synchronization with the slides is only 
o.-
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amusing; and a color imbalance in the slides detracts from the realism. 
Technical problems are obvious and an obstacle to learning. 
Chapter 4 
PHYSICS LABORATORY EXPERIMENTS 
Before preparing synchronized slide-tapes for use in the 
descriptions for them for the use of the students. Though we 
produced synchronized slide-tapes for only three experiments, we 
designed experiments and wrote experiment descriptions for an entire 
semester course. At this point we feel that it is appropriate to 
discuss those experiments and experiment descriptions, and their 
integration into our course, as well as clarify our teaching approach 
to the laboratory component of an introductory physics course. 1 
Experiment Descriptions 
In all we prepared the following ten experiment descriptions 
(preceded by a laboratory supplement) for use in the laboratory 
component of our calculus-based first-semester introductory course in 
physics (introductory mechanics): 
1) "The Vernier Caliper (Supplement)," which describes how to use 
and read vernier calipers; 
2) "Measurements and Errors," the purpose of which is to learn 
about experimental errors in the measurement of physical 
quantities; 
3) "Vector Addition and the Force Table," the purpose of which is 




to study vectors and vector addition by experimentally 
checking the graphical and analytical conditions necessary 
for a set of concurrent forces to be in equilibrium; 
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4) "Uniform Acceleration," the purpose of which is to study the 
uniform acceleration of an object caused by a component of the 
constant force of gravity near the surface of the earth, and 
from the acceleration of the object, calculate the value of 
the constant acceleration of a freely falling body; 
5) "Projectile Motion," the purpose of which is to study the 
motion of an object, similar to that of a projectile in a 
plane, in which its acceleration is zero along one direction of ______ _ 
-----!D.O-t-ien-,-and-con-s-t-arrt-but--m:>nzero---a.Tongtll"i: ___ otfle-r -direction of 
motion; 
6) "Newton's Second Law," the purpose of which is to find the mass 
of an object applying Newton's second law; 
7) "Centripetal Force," the purpose of which is to study the 
dynamics of uniform circular motion by determining the 
magnitude of the force required to constrain an object to move 
in a circular path with constant angular velocity; 
8) "Conservation of Momentum," the purpose of which is to study 
a collision of two objects in a plane, and to check whether 
the momentum and kinetic energy of the system are conserved; 
9) "Moment of Inertia," the purpose of which is to study the 
. -----· conJ:_ept_of._moment-of inertia, and to use the principle of 
energy conservation to calculate the moments of inertia of 
rigid bodies about their respective axes of symmetry; 
Xl) "Static Equilibrium: The Crane," the purpose of which is to 
study force and torque methods of solving problems involving 
bodies in static equilibrium; and 
JJ,) "Hooke's Law," the purpose of which is to study Hooke's Law 
using spiral springs, and to study the oscillatory motion of 
loads suspended from the springs. 
We designed the experiment descriptions for our calculus-based 
course, but with slight modifications, they are also compatible with 
our simple algebra- and trigonometry-based course. The descriptions 
cover the gamut of experiments usually performed in a first-semester 
course based on calculus, However the range of topics in a similar 
course based on simple algebra and trigonometry is generally wider 
c=-
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than one based on calculus. As a result the experiment descriptions 
do not cover such topics as sound, fluids, and heat. 
The definitions and symbolic convention used in the experiment 
descriptions are based on Physics For Scientists and Engineers, by 
Adrian C. Melissinos and Frederick Lobkowicz, since that was the 
textbook in use at the Physics Department at the time we wrote them. 
Later we switched our textbook to the third edition of Physics, by 
Robert Resnick and David Halliday, but we found no difference in the 
effectiveness of the descriptions after reordering the sequence of the 
experiments. 
We designed the experiments for standard student laboratory 
I equipment available through the major scientific manufacturing 
companies. For example we purchased the air tracks (used in 
''Measurements and Errors, 11 ''Uniform Acceleration,'' and "Newton's 
Second Law") and the air tables (used in "Projectile Motion" and 
.:=-
---"Conservation of Momentum") from the Ealing Corporation, the moment 
of inertia apparatus (used in "Moment of Inertia") and the crane 
assemblies (used in "Static Equilibrium: The Crane") from the 
Central Scientific Company, and the centripetal force apparatus (used 
in "Centripetal Force") from the Sargent-Welch Scientific Company. ~ 
We designed the descriptions so that no experiment should last 
more than two hours. We want students to pay attention to details, 
but not to dwell on them so as to be distracted from the important 
points of the experiments. Thus students repeat trials only when 
necessary, and there is no redundancy in the procedures if it serves 
no purpose. 
Physics Laboratory Goals 
We approach the laboratory component with four goals in mind. 
We want to: 
1) reinforce concepts introduced in the lecture component of the 
course, 
2) have students verify or apply basic physical principles, 
3) introduce techniques of solving practical problems, and 
Reinforce concepts. Each of the experiments is based on 
concepts discussed in the recitation component of our course. If 
laboratory meetings are regularly scheduled, as they normally are 
here (we m<1et onae a week,),, occasionally it is necessary to 
-in traduce concepts , in the labor a tory component, depending upon the 
paee of" the individual course. However, generally the laboratory 
c;omponent serves to reinforce concepts already introduced in the 
-----lecture component. 
Physical principles. In several experiments we ask students 
either to verify or apply basic principles of physics. In the 
experiment "Newton's Second Law," students apply this principle in 
order to determine the mass of an accelerating object. In 
"Conservation of Momentum" students test the principle for the 
collision of two objects on a frictionless surface. In "Moment of 
Inertia" they apply the principle of conservation of energy in order 
to determine the moments of inertia of several objects. 
Introduce problem solving techniques. We introduce the 





practical problems. In the course of the semester, students learn 
analytical and graphical methods of adding vectors (in "Vector Addition 
and the Force Table" and "Static Equilibrium: The Crane"), a graphical 
"best-fitting" method of fitting a straight line to a set of data 
(in "Uniform Acceleration"), the "method of differences" to average 
data (in "Projectile Motion"), a method with which to derive an 
empirical relationship between the different variables in a physical 
----
"i--~ 
problem (in "Hooke's Law"), as well as various other techniques. 
Promote the analytical processes. Many times we are 
confronted by students enrolled in an introductory course in physics 
(especially those in one based on simple algebra and trigonometry) 
who cannot understand· why they must take a course in physics in order ""-
to satisfy their degree requirements, when such a course serves no 
apparent purpose in their plans for the future. We explain that an 
iE_I:roductor::i'~~!lr_!l_e _ _i!l_Jlhyaics should serve two purposes. Of course 
it should teach physics, but perhaps more importantly, it should 
convey to students a lasting impression of the analytical processes 
used in physics. 
This is perhaps an ambitious goal. But if it can be 
accomplished, then in the future, regardless of whether students are 
able to remember even the simplest of concepts from their course in 
physics, they will take thinking processes with them which they can 
apply to many problems that they encounter. 
We believe that the physics laboratory serves as an excellent 
base from which to develop these processes, and we designed the 
experiments and wrote the descriptions primarily with this in mind. 
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The route we took in the laboratory was to introduce the analytical 
processes, and then slowly force students to think in this manner. 
In the first few experiments (''Measurements and Errors," r 
-
"Vector Addition and the Force Table," "Uniform Acceleration," and ::; __ 
"Projectile Motion"), the experimental procedures are fully described 
to students in the experiment descriptions. The questions found in 
the back of these descriptions generally require students to apply the 
principles and concepts learned from recitations and the experiment, 
in order to analyze abstract and fuypothetical problems. 
In two experiments during the middle of the semester 
("Newton's Second Law" and "Conservation of Momentum"), we pose a 
problem to students, and ask them to design and perform their own 
experiment, using prescribed equipment, in order to solve the problem. 
Rather tha.n simply following instructions, students are forced to 
understand the problem, and. then apply physical principles, laboratory 
------
. ---tec:hni.-qu<:s~·-and-matnemal:'ical methods that they learn in recitations or 
previous laboratory experiments, in order to solve it. 
The instructions in the descriptions of the remaining 
experiments are brief so as to further encourage students to apply 
analytical processes independently. 
We found the experiments and their descriptions to be highly 
successful in achieving the last goal with our students, especially 
during the experiments "Newton's Second Law" and "Conservation of 
Momentum." Students would gene~ally first struggle with the problem 
for quite a while, often being confused by their misconceptions of 
the principles·involved. With minimum instruction students gradually 
would be forced into analyzing the problem correctly and then solve 
Jj 
it. Students generally leave the laboratory understanding the 
experiments and the concepts involved, and with a sense of 




THE SYNCHRONIZED SLIDE-TAPES 
Before we began producing our synchronized slide-tapes, we had 
absolutely no previous experience in so doing. Of course we had 
viewed other presentations, but we had_ne:v_e_r ___ b_ef_o_r_e_par_ticip.a.te.d-inl-------
1----
the production of one. As a matter of fact, we had never before used 
a 35 mm camera. 
Our learning process consisted of consulting with technical 
experts, such as amateur and professional photographers, graphic 
artists, and those who had produced synchronized slide-tapes, 
filtering the advice that was applicable to our purposes, and then 
integrating it with our own ideas. Our inexperience was telling 
initially, in time, money, and results. However as we progressed in 
our work, and gained experience and confidence, we became much more 
efficient. The evolution of our ability to produce synchronized 
slide-tapes is quite apparent upon viewing them in chronological 
order. 
In all we produced three synchronized slide-tapes for use in 
the laboratory component of our calculus-based introductory physics 
course--"Moment of Inertia," ''Uniform Acceleration, 11 and t-'centripetal 
Force"--each of which is based on its corresponding experiment 
description. The synchronized slide-tapes are available for viewing 
he~e at the Physics Department of the University of the ·Pacific.1 
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In this chapter we will aiscuss the general procedure we 
followed in producing the synchronized slide-tapes, the content of 
each project, our thoughts for their utilization, and finally 
student reaction on their effectiveness. 
Our Procedure 
In order to produce a synchronized slide-tape, we followed 
this general procedur.~e~: __________ _ 
1) Choose an experiment and experiment description on which to 
base the synchronized slide~tape. 
2) Decide upon the content of the synchronized slide-tape. 
3) Write a script, containing both the audio and the visual 
portions, for the synchronized slide-tape. 
4) Prepare the slides for the visual portion of the synchronized 
slide-tape. 
5) Record the tape for the audio portion of the synchronized 
slide-tape. 
6) Make any necessary revJ.SJ.ons in the synchronized slide~tape 
----------- --n, prejfaratTon-fOr student use. 
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Choosing an experiment. We chose the description of the three 
experiments that we did for adaptation as synchronized· slide-tapes 
because they involve different concepts and laboratory apparatus, 
allowing us to experiment with various and diverse ideas and 
techniques of presentation. 
Content. Our primary objective in choosing the content of 
each of the synchronized slide-tapes was to present material directly 
l The complete script of each synchronized slide-tape can be 




related to the experiment and its successful completion. Thus each of ~-
the synchronized slide-tapes includes such topics as the theoretical 
basis for the experiment, the experimental apparatus and its setup, 
and the calculations. In addition, when we deemed it desirable, we 
included material that would help to reinforce concepts or increase 
student interest. 
Script_. T_h_e ___ mos_t_diff_icul-t--task---f:o-r-us--wa-s---to--srgan-i-ze-thc: 
content of each of the synchronized slide-tapes and adapt it to a 
script. We did so by sequencing each of the topics within the 
presentation, and then planning a slide and its audio accompaniment 
for each idea within a topic. 
Slides. We used a variety of styles of still photography for 
the visual portions of the synchronized slide-tapes. We chose each 
slide according to what we felt was the most effective way to present 
-----the corresponding- idea. Thus the synchronized slide-tapes contain an 
assortment of abstract photographs, such as those of lettering, 
graphs, and drawings, as well as concrete photographs, such as those 
of the actual laboratory apparatus. 
Tape. We then recorded the narration of the presentation on 
a cassette tape, and went back afterwards to add the synchronizing 
pulses. 
Revisions. During the preparation of the synchronized slide-
tapes, we made revisions whenever we discovered inconsistencies in the 
script, or felt we could improve either the nature of the photographs 
or the narration. When a synchronized slide-tape was completed, 
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members of the Physics Department and technical experts screened it 
and gave us feedback. Then we made final revisions before making it 
available for student use, 
''Moment of Inertia" 
The first synchronized slide-tape that we produced was 
"Moment of Inertia," which we selected specifically as our first 
project for two reaso_ns_ .. _W_e_____w.anted-to--te.s-t---ou:r--f-i:r-s-t---endeavG-r-Gn-1---
students as soon as possible, and this experiment fit conveniently into 
our timetable. Secondly we felt this experiment is one of the most 
difficult to adapt to an effective synchronized slide-tape, so we 
I 
decided that attempting a difficult one first would teach us many of 
the techniques we would later need. We realized that the end product 
of our first attempt might be inferior to the rest; however we felt 
that it was a risk worth taking if it would help us to make the 
others better. 
"Moment of Inertia" contains seventy-nine slides and is 
thirteen minutes and five seconds long. The purpose of the experiment 
itself is to study the concept of moment of inertia, and to use the 
principle of energy conservation to calculate the moments of 
inertia of rigid bodies about their respective axes of symmetry. 
This is a complicated experiment in that it involves two 
major concepts--moment of inertia, which is typically one of the most 
difficult concepts for introductory physics students to understand, 
and the conservation of energy--as well as an intricate experiment 
procedure, We. felt that the synchronized slide-tape for this 
experiment would. best suit the needs of the students if we review the 
= 
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concept of moment of inertia, describe the experimental apparatus and 
procedure, and then discuss the conservation of energy as it applies 
to the experiment. Our approach to "Moment of Inertia'' is summarized 
in Table 1. 
Slides 
l - 4 
5 7 
8 - 18 
19 - 21 
22 - 31 
32 - 39 
40 - 44 
45 - 73 
Table 1 
Summary of "Moment of Inertia" 
Objectives 
Opening titles and credits, 
Photographs of the experimental apparatus and the 
bodies for which the moments of inertia are to be 
experimentally determined, accompanied by a discussion 
of the purpose of the experiment. 
Predominantly a series of drawings of a rigid body and 
equations which formulate the definitions of moment 
of inertia for rigid bodies of both discrete and 
continuous distributions of matter, and an illustration 
of its significance with respect to a choice of 
-reterence -axes:--
A discussion of the moments of inertia of the bodies 
used in the experiment as determined from the 
definition. 
Photographs and an analysis of the experimental 
apparatus and its setup, 
Photographs of the system during a run, and an analysis 
of the kinematics of the experiment. 
A series of drawings of the experimental apparatus and 
equations, along with an analysis of the conservation 
of energy of the system, during a run of the 
experiment. 
A series of drawings, equations, and photographs of 
the experimental apparatus, which analyze the 
processes and derive the equations used to calculate 
the moments of inettia of bodies from the energy 
conservation principle, including a detailed anaysis 




Table 1 (continued) 
Slides Objectives 
of the experiment. 
74 - 79 Closing titles and credits, 
In retrospect we feel that ''Moment __ o_f __ Iner_tia"_is_the_least.-----
effective of the three projects. It is a bit long, and redundant in 
certain parts. Because of the nature and complexity of the experiment, 
we wanted to include many aspects of it in detail. As a result we 
presented too much material, whereas we should have left some of it 
for treatment by the experiment description or the laboratory 
instructor. For example it may have been better had we left some of 
the procedural details to the experiment description, and the two 
lengthy mathematical derivations--one of the definition of moment of 
inertia, and the other of its calculation--to the laboratory 
instructor to cover. 
"Moment of Inertia•·• also lags behind the other two technically. 
For example the photographs are not of the best quality, the method 
we used to depict motion is not totally effective, and the bright~dark 
contrast in the sequence of the slides is bothersome. 
However we were satisfied with the results considering it was 
an initial attempt; and many of the problems with this presentation 
were corrected in the two subsequent projects, 
"Uniform Acceleration•·• 
"Uniform Acceleration" was the second synchronized slide-tape 
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that we produced. The purpose of the experiment itself is to study 
the uniform acceleration of an object caused by a component of the 
constant force of gravity near the surface of the earth, and from the 
acceleration of the object, calculate the value of the constant 
acceleration of a freely falling body. In simpler terms the 
experiment involves measuring the positions of a glider at regular 
time intervals as it travels down an inclined air track, and 
subsequently calculating the acceleration due to gravity from this 
data. 
The theory behind this experiment, and the experimental 
procedure are fairly straightforward. However the calculations, 
though not complicated, are lengthy and require careful attention. 
Thus along with describing the experimental apparatus, one of our 
priorities was to illustrate the method used to interpret the data. 
We chose this experiment as a project mainly for two reasons. 
physics that is fascinating in that it enjoys a rich historical 
development, and that including such a perspective as part of the 
presentation would be entertaining, informative, and would possibly 
stimulate student interest. Secondly it gave us a chance to 
experiment with unusual photographic techniques, such as stroboscopic 
photography and the superimposition of lettering or labels on 
photographs, that could be integrated effectively into the 
presentation. 
The end product of "Uniform Acceleration" contains fifty-eight 
slides and is twelve minutes and twenty-six seconds long. Table 2 
summarizes its content. 
Slides 
1 3 
4 - 8 
Table 2 
Smmnary of ''Unifom Acceleration" 
Objectives 
Opening titles and credits. 
Equations, lettering, and a stroboscopic photograph 
that examine the concept of acceleration; and more 
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---~ ___ __..s"ip'Ce~c,.i_.f,_,i.,.cO'a~lly, thEL_i!~<;;_e_l_ar_a_tt_on __ due_to_gravit:y:_,--along ----~ 
with a discussion of the purpose of the experiment. 
9 ~ 19 
20 - 30 
31 - 38 
39 - 45 
46 - 54 
55 - 58 
A discussion of the formulation of man's ideas on 
the acceleration due to gravity; more specifically, an 
analysis of the claims and works of Aristotle and 
Galilee, using portraits, quotes, drawings, and 
stroboscopic photographs. 
Predominantly a series of photographs of the 
exper:ilnental apparatus, along with a detailed analysis 
of its usage. 
Predominantly a series of drawings analyzing the 
motion of a glider during the experiment and how it 
leads to calculating a value for the acceleration due 
to gravity, 
An examination of the experimental procedure used to 
obtain data, using photographs of the experimental 
setup and a stroboscopic photograph of a run of the 
experiment. 
Predominantly a series of drawings and graphs which 
illustrate the method used to interpret the data in 
order to obtain a value for the acceleration due to 
gravity, 
Closing titles and credits, 
''Uniform Acceleration" is probably the most innovative of the 
three projects in that it gave us the greatest opportunity to 
experiment with ideas, both technical and in approach. Beginning with 
this project we paid less attention to experimental technicalities 
2--
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which allowed us to focus more on the main points. We feel that the 
historical notes, included in the beginning of the presentation, add 
greatly to its overall effectiveness. 
~ -
Technically "Uniform Acceleration" is more advanced than 
~= 
''Moment of Inertia." The photography is of higher quality, as well as 
more sophisticated. We paid more attention to visual effects. In 
addition to stroboscopic and superimposition photography, we sectioned 
off different topics with title slides, and replaced the black 
background of lettering with soft colors. 
"Centripetal Forc.e" 
The third and last synchronized slide-tape that we produced 
was "Centripetal Force," which contains forty-four slides and is ten 
=~--, ___ _ 
minutes and fifty-seven seconds long. The purpose of this experiment 
F-
is to study the dynamics of uniform circular motion by determining 
the magnitude of t!J::_force required to constrain an object to move in~-~·-~·~ 
a circular path with constant angular velocity. 
The experimental procedure and the subsequent calculations 
f~or this experiment are .fairly straightforward, so we felt that there 
was no reason to treat these topics at length. Instead we concentrated 
on reviewing the concept of centripetal force (a concept that many 
introductory physics students find difficult to understand), 
discussing examples of centripetal force, describing the experimental 
apparatus, and pointing out the complexity of the questions found 




Sunnnary of "Centripetal Force" 
Slides Objectives 
1 3 Opening titles and credits. 
4 - 10 An introduction of the concept of centripetal force, 
starting with a discussion of Newton's first law, and 
________ e~n"d~J.~· n~,g--""i th E._~ei:"ie!!_of __ drawings_which_analyze the ---
dynamics of centripetal motion. 
11 - 14 
15 - 23 
24 - 21l 
29 - 30 
34 - 38 
39 - 44 
Photographs and a discussion of some common examples of 
centripetal force, 
Photographs and a thorough description of the 
experimental apparatus, along with a discussion of the 
experiment. 
Photographs of the experimental apparatus in operation 
accompanied by a discussion of the experimental 
procedure. 
A discussion of the data needed to be recorded during 
the experiment 
· -Drawings d{agramming the forces acting on the 
experimental object during dynamic and static 
conditions of the experiment, 
An examination of some important questions to consider 
while performing the experiment. 
Closing titles and credits. 
"Centripetal Force" is overall probably the best of the three 
synchronized slide-tapes. One reason is that the experiment lends 
itself well to adaptation to this medium. The experimental procedure 
is easy to describe. The calculations are not complicated so that we 
did not need to dwell on lengthy mathematical derivations as we had 





of one apparatus, and its description is not difficult. 
Also the experience we gained from the privious two projects 
helped us greatly with this last one. We left the details to the 
experiment description so that there is little redundancy between it 
and the synchron~zed slide-tape; the two supplement each other well. 
"Centripetal Force" also represents the culmination of our 
efforts from a technical standpoint. We used many of the visual 
techn1ques we developed in "Uniform Acceleration, M such as superimposing 
lettering on photographs, entitling the different topics, and coloring 
the background of lettering. We also improved on our photographic 
technique by using a backdrop for shots of the centripetal force 
apparatus, as well as using stop-motion photography to depict motion. 
Utilization of the Synchronized 
Slide-Tapes 
We believe tnat our synchronized slide-tapes, as well as other 
---simirar ~audiovisual m:e-dia-, -ca:n be effectively utilized in the physics~ 
laboratory in either of two ways in terms of the timing of their 
presentation. If the laboratory instructor prefers to have students 
prepare for an experiment in advance, then we suggest that he make the 
appropriate synchronized slide-tape available for students to view on 
their own before performing the experiment. In this way students can 
clarify the concepts and the procedure discussed in the experiment 
description, and derive any necessary equations, before entering the 
laboratory to perform the experiment. 
If the laboratory instructor prefers spontaneity, then we 
suggest that he present the appropriate synchronized slide-tape to the 
students for the first time just prior to their performing the 
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experiment. In this way he can generate a discussion with the students 
over the concepts and the procedure of the experiment, and lead them 
through a derivation of any necessary equations, 
Essentially the first method leaves much of the preparation 
to the students themselves. The second method allows for a greater 
interaction between the laboratory instructor and the students during 
their performance of the experiment. 
We believe that our synchronized slide~tapes can be effectively 
utilized in the laboratory component of almost any introductory 
physics course. Furthermore we believe that they can be particularly 
effective considering SClllle of the p-resent day practices employed by 
many physics departments in the laboratory components of their 
introductory physics courses. Consider these circumstances: 
l) The laboratory components of many introductory physics courses 
are run on all '·'open lab" system. 
2) Multiple laboratory sections are often necessary because of 
- fil.gh ~et1cfollmerit in introductory physics courses. 
3) Laboratory instructors are typically graduate or undergraduate 
students. 
Open labs. Under the ''open lab" system, students are permitted 
to perform a required experiment at their own convenience anytime 
within a time limit of typically a week. A laboratory and the 
necessary equipment are made available to students for this purpose. 
The use of synchronized slide-tapes is ideal for this system of 
student freedom and independence. Synchronized slide-tapes can be 
made available to them for viewing at their convenience and alleviates 
the need for the laboratory instructor to continually explain the 




Multiple laboratory sections. In many universities students 
enrolled in a course :Lri introductory physics attend a common recitation 
component and then regroup into smaller laboratory sections. If 
numerous students are enrolled in the course, then many laboratory 
sections and multiple laboratory instructors are needed in order to 
accomodate them, The use of synchronized slide-tapes (along with 
experiment descriptions) is ideal in unifying the individual laboratory 
sectJ.ons. By using the synchronized slide-tapes (and experiment 
descriptions) to standardize the experiments,· the chances of different 
students being differently informed are reduced considerably. 
Laboratory instructors. Finally in many universities the 
laboratory components of introductory physics courses are instructed 
by graduate teaching assistants or sometimes undergraduate teaching 
assistants, many of whom are inexperienced as laboratory instructors. 
The use of synchronized slide-tapes can reduce many of the effects of 
inexperience. Viewing the synchronized slide-tapes familiarizes the 
laboratory· instructors with the experiments and helps them to 
understand them better as well. Also synchronized slide-tapes 
alleviate any pressure on their part to deliver a lecture to the 
students. 
Testing of "Moment of Inertia" 
As of this point in time, the only one of our synchronized 
slide-tapes that we have had the opportunity to test on students in our 
calculus-based introdoctory physics course is "Moment of Inertia." 
Even though we feel that it is the least effective of our three 
efforts, it has been well received by the students. 
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We tested ''Moment of Inertia" by asking students to complete 
a questionnaire, just after viewing the presentation, which we 
showed to them for the first time at the beginning of the laboratory 
meeting. A total of twenty-six students viewed the presentation and 
completed the questionnaire. The questions and results are contained 
in Table 4. 
___ 'T',hl e~-4----~----- --------
Questionnaire on 11Moment of Inertia" 
Questions Correct/Yes Answers 
Incorrect/No 
Answers 
l) Which conservation principle are we 
using in order to experimentally 
determine moments of inertia? 
2) What are the objects for which we are 
calculating the moments of inertia? 
--3) Is--the-llioiiiei:it-of -fnertia of an object 
independent of the axis about which 
it is meas;ured? 
4) In the experimental setup what 
supplies the force which rotates the 
cross and rigid body? 
5) In the experimental setup what 
becomes of the potential energy of 
the descending driving load? 
6) In the experimental setup do the 
frictional forces in the system 
depend on the mass of the object 
placed on the cross? 
7) Did you read the experiment 
description prior to attending lab? 
~) Do you find the synchronized slide-
tape presentation to be beneficial to 


















Table 4 (continued) 
Questions Correct /Yes Answers 
Incorrect/No 
Answers 
9) Do you feel that it is necessary to 
understand the experiment description 
in order to understand the 
synchronized slide-tape presentation? 
4 
Of cause we realize that we cannot draw any definite 
conclusions as to the effectiveness of the presentation from such a 
small sampling. Nor do we assert that the questionnaire itself is 
totally unbiased. Five of the first six questions could have been 
ascertained strictly from the experiment description, which was 
available to students prior to the showing of the synchronized slide-
tape, Furthermore we had no control group. However the purposes of 
the questionnaire were to indicate to us whether the synchronized 
slide-tape was able to convey some of the fundamental points of the 
experiment, and more importantly, to obtain student reaction. 
An analysis of the results is informative. Sixty-two percent 
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of the students read the experiment description prior to attending the 
laboratory meeting. Of the five questions pertaining to the 
experiment that could be ascertained from either the experiment 
description or the synchronized slide-tape (questions 1, 2, 4, 5, 
and 6), the mean percentage of correct answers on four of them was 
ninety-two percent. Only twelve percent answered the remaining 
question (question 5) correctly. However in order to correctly answer 






were incomplete, we considered them incorrect. 
Ninety-six percent of the students found the synchronized 
slide-tape presentation to be beneficial to their understanding of the 
experiment. The following is some of the feedback that we received 
from the students: 
The slide presentation helped me to see more clearly what 
we were doing and how we were going about doing it. 
I think it is beneficial because_]:_co_ame_iil_not ]<n~w_ing 
i------a"'n"'y=thing on this topic ••• and it did a good job of presenting 
the material. 
The slide presentation really helps to visually present 
concepts. 
Almost got too long for me, but it was a good slide 
presentation of lab. Should help out. 
I thought it was neat! 
In addition we received the following critical comments: 
I feel that if I hadn't read the description, I probably 
wouldn't have understood the equations. 
I think the equations should be read (in words, not just off 
the screen) to help understand what is being equated. 
The slide show helped, however presenting the theories 
behind the formulas after the slides is necessary. 
It was beneficial, but it can't replace the lecture, where 
you can ask questions. 
The results of the questionnaire, as well as the students•· 
compliments were very encouraging to us. They led us to believe that 
we were on the right track in our general approach to presenting 
educational information using synchronized slide-tapes, and that they 
could be used effectively in the physics laboratory. Furthermore the 
critical comments were also helpful, We concurred with most of their 
remarks (especially those with regard to the equations), and made 
~-
so 








TECHNICAL ASREGTS OF PRODUCING SYNCHRONIZED SLIDE-TAPES 
In our work we acquired a great deal of practical knowledge 
concerning audiovisual media in general, as well as synchronized slide-
tapes in particular, that we would like to share with those who are 
considering producing their own audiovisual presentations, We acquired 
some of this knowledge from the technical experts with whom we 
consulted, some of it from the literature, and the rest of it from 
our own experience. Much of the information found in this chapter will 
be obvious to those who are experienced in the audiovisual field. 
However we believe that much of it will be helpful to those who are in 
the same position of hesitancy and inexperience that we were in before 
we started our work. 
Photography 
Pictures are a form of visual communication. In any 
audiovisual medium the quality of the photography has a large part in 
determining the overall effectiveness of the presentation. Photography 
of high quality is often expected in audiovisual presentations; those 
of poor quality distract those of discerning taste from the intent of 
the photograph. 
We believe that the four main characteristics found in 
effective pictures are: 
1) good composition, 
2) clear communication, 
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3) effective color, and ~-
4) good contrast and sharpness. 
Good composition. The fundamental characteristic of any 
effective picture is good composition or overall organization. An 
effective picture usually has a distinct center of interest to which 
the rest of the picture contributes, such as by means of the balance 
of the picture as a whole, the positionand diJ:"f!C_t:i,CJ_n_of _ _J,:i,nes, and 
the use of light, shadow, and color. The focus of attention can be 
ascertained by allowing the eye to wander over the picture until it 
rests on a point of interest. If you look away from that point, your 
eyes will tend to go back to it if a strong center of interest exists. 
Clear communication. Pictures which are used in education 
should communicate the intended message or idea. One of the most 
difficult skills for the photographer to learn is that he must first 
-clearly define -what he wishes to convey and then control his medium 
so that how he presents the message communicates it clearly. 
Typically each shot should be planned carefully so as to focus on a 
single idea, and eliminate all details that are not important to that 
idea. If this is done effectively, pictures are simple, rather than 
complex, uncluttered with unnecessary details, and they communicate 
their messages clearly and directly. 
Ktfective color. Most present-day audiovisual presentations 
are produced in color. Effective color is a third mark of good 
pictures. Whenever color is important in a teaching situation, it 
should be as true as possible, since color poor in quality offends the 
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sensitive viewer. Color is a part of our naturaL environment; it 
follows that good color in pictures adds to their realism as well as 
their attractiveness. 
Good contrast and sharpness, Sometimes the important parts 
of a picture do not stand out enough from the rest of the picture, 
and as a result, the picture, as a whole, lacks luster and vitality. 
More skillful lighting, exposure, and developing_}Vill result_:i,_n_b_e_t_t~er ___ _ 
contrast--blacker blacks and whiter whites. On the other hand, it is 
also possible to have too much contrast, which produces a harsh effect. 
Thus a good photographer strives for a happy medium. Sharpness in 
photographs is also important in communicating information and ideas in 
most educational subjects. The sharp picture provides better 
opportunity for accuracy in detail, and is preferable when information 
is the primary objective of the picture. 
-- Oar~ photography. The main problem that we had in our 
photography was achieving the proper color balance in the pictures. 
We took the photographs of the laboratory apparatus for "Moment of 
Inertia" in a laboratory with little exposure to sunlight, so we 
needed an alternate light source. originally we had planned to use 
two electronic flash units (two so that the shadow caused by one flash 
unit would be reduced by the other one), but we abandoned the idea 
since we would have no prior knowledge as to the effect that their 
positioning would have on any possible shadows, because of our 
inexperience, 
We decided instead to use two indoor reflector lights as the 
primary sources of light, and to use the overhead fluorescent lights in 
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order to fiil in any dark spots or shadows f~r the long shots, This 
resulted in a slight color imbalance in the slides that those of 
discerning taste will notice. The reason for this is that the film 
we used for these photographs was Kodachrome 25, a relatively 
inexpensive film made by the t:astman K.odak Company, which has excellent 
color quality, high shapness, and extremeiy fine grain. However this 
film, as is the case with most color films, is color balanced for 
----
1---- out·d-CYor-s·imulated--right. Neitner the indoor-reflector lights nor the 
fluorescent iights simulate sunlight, Rather the reflector lights and 
the fluorescent lights are more intense in the yellow and green regions 
of the spectrum respectively. Thus the long shots in this presentation 
have a slight yellowish-green cast to them, and the close-up shots, in 
which the reflector lights provided most of the lighting, have a slight 
yellowish cast to them. 
We did not judge the color imbalance in the photographs to be 
--disturbing enough to warrant reshooting. However we learned ways to 
eliminate the imbalance that we would like to suggest to those 
inexperienced photographers who are anticipating taking pictures under 
similar conditions. We suggest three options: 
l) Use electronic flash units along with outdoor film. 
2) Use tungsten 3200 K lamps or fresh indoor reflector lights 
along with indoor film. 
3) Use indoor lights along with outdoor film and a camera lens 
filter. 
The light from most electronic flash units is very close to the 
color of sunlight, so it is compatible with any outdoor film, However 
inadvised positioning of the flash units may result in harsh shadows 
in the pictures, so it is necessary to either refer to consultants or 
~--
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literature for methods which reduce shadows, or to experiment with ~-
their positioning (though the latter option may be expensive both in 
time and money). 
Kodak Ektachrome 160 Tungsten film is a type of film that is 
color balanced for use with tungsten 3200 K lamps, which can be 
purchased from photographic supplies stores or electrical supply 
houses. We also found that the tungsten 3200 K lamps can be replaced 
oy fresh indoor reflector lights, which can be purchased from variety 
or discount stores, with almost no adverse effect. (We emphasize tresh 
indoor reflector lights because with prolonged use, the filament 
begins to burn at lower temperatures, which eventually results in a 
slight yellowish cast in photographs taken under these lights. The 
filament in a tungsten 3200 K lamp burns out before its temperature 
drops, so no such problem exists with these lamps.) 
The third option is to use one of the indoor lights mentioned 
-- above-with outdoor filnl and a Kodak Wratten Gelatin Filter, No. 80A, 
which prevents the excessive yellow light from entering the camera. 
However camera filters reduce the film speed of film so that the 
camera light meter should be reset accordingly. ("Film speed," 
usually measured in ASA or American Standards Association numbers, is a 
relative rating of the effect that the same amount of incident light 
has on the emulsions of different films.) 
Though photographs taken under fluorescent lighting have a 
slight greenish cast when taken with outdoor film, they are generally 
acceptable. However if a very accurate color balance in the 
photographs is aesired, it is best not to use any type of fluorescent 
lighting at all since there are several kinds of -fluorescent lamps, 
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and each kind produces a light of a slightly different color. Though 
camera filters for different types of fluorescent lamps are available, 
it is often difficult to identify the different types of fluorescent 
lamps. 
We switched rooms to a laboratory with a northern exposure and 
large and numerous windows to take the photographs of the laboratory 
apparatus for both "Uniform Acceleration" and "Centripetal Force,"' 
1---~By-d-crrtrg-tnis we eriminated two of the problems that we encountered 
during our first project. Firstly enough indirect sunlight filtered 
into the room so that it was not necessary to use any additional 
sources of light. Thus we could use outdoor film without much of a 
worry of a color imbalance. Secondly since the light entering the room 
was of a diffuse nature, harsh shadows were automatically eliminated 
from our pictures. 
In order to eliminate the background disturbances in the 
~ ~ photog~raphs of the centripetal force apparatus, as well as to improve 
the contrast, we used a backdrop in the form of a sheet of royal blue 
felt that we purchased from a fabric store. Photographic backdrops 
are commonly made of felt because it is not reflective, can be ironed 
flat, and is thicK enough so that it does not form waves when 
== suspended. We chose the color royal blue because it provides contrast 
with the centripetal force apparatus, but does not distract attention 
away from it, and yet the color is pleasing. 
We took all of the shots of the laboratory apparatus for the 
last two synchronized slide-tapes with Kodak Ektachrome 400 film. 
Since our light source was not very intense, we needed a film with a 
high film speed, and Ektachrome 400 film allows shooting under the most 
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difficult lighting conditions. Though Kodachrome 2) gives a better 
picture quality, the difference is hardly noticeable. 
We set up our own makeshift camera stand to take the 
photographs of the drawings for ''Moment of Inertia," placing the 
drawings on an end table, and mounting the camera on a vertical 
support _rod. We took the pictures using a pair of indoor reflector 
lights as the light source, and Kodachrome 25 film without a camera 
lens filter, so there is a slight yellowish cast in those slides as 
well. 
We took the photographs of all the graphic arts for "Uniform 
Acceleration" and "Centripetal Force" on a Bencher Camera Stand with 
polarization capability (which is used to reduce glare), using a pair 
of tungsten 3200 K lamps as the light source, and Ektachrome 160 
Tungsten film. Thus the colors are true for these photographs. 
In this section we have ·only pointed out the problems with 
--- photo-g:fapny- that- confronted us and general descriptions as to how we 
resolved them. Our knowledge of photography is still in its infancy 
and hence the amount of knowledge that we can pass along is limited. 
However for those beginning photographers who feel they need to acquire 
more knowledge of photography before taking their first picture, there 
are many references available in photographic stores and libraries 
that are very helpful. 1 
Motion 
There is an interesting limitation of slide-tapes that 
1 Several references can be found in the bibliography. 
~--
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separates tnem from either fibns or television. Unlike films or ~-
television, slide-tapes cannot completely depict motion, since the 
visual portion of this medium contains only still photographs. In 
that sense this medium is more abstract than the other two. However 
sLide-tapes can arrest motion effectively and can be used to imply 
motion. Methods that are effectively used in still photography to 
imply motion include: 
~) stroboscopic photography, and 
3) photographing subjects in posions that cannot be maintained, 
Stop-motion photography involves taking a picture of a subject 
in motion using a relatively slow camera shutter speed. This produces 
an image that is blurred, which implies that the subject is in motion. 
Stroboscopic photography involves taking a picture of a subject 
in motion using a stroboscope (an instrument that delivers intense 
--flashes of light- at periodic intervals) as the only light source in an 
otherwise dark environment, This produces distinct images of the 
subject at its positions at regular time intervals. The path traced 
by the images implies that the subject is in motion. 
Lastly people tend to find a picture of a subject in a position 
that it cannot maintain to be disturbing, in that they know. from 
experience that shortly Later, the subject should be at a different 
position. This experience implies to them that the subject is in 
motion. 
In all three of our projects, we faced the problem of depicting 
motion through the use of still photography, In ''Moment of Inertia" 
we wanted to show rigid bod~es rotating with constant angular 
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acceleration, and the driving load of the moment of inertia apparatus 
falling with constant acceleration, as well as with constant velocity. 
We felt that none of the methods of depicting motion that we 
discussed was compatible with our defined purposes. Stop-motion 
= 
photography cannot imply either constant velocity nor constant 
acceleration. Stroboscopic photography is inappropriate under the 
circumstances. Originally we had considered multiple exposure 
photography, whereby we would photograph the subject at different 
positions using the same frame of film, allowing the spacing between 
the images to imply either a constant velocity or a constant 
acceleration. However we abandoned this idea because of two technical 
problems. Firstly-the camera we were using was not particularly well 
adapted for doubLe exposures, let alone four exposures. (We decided 
that four images of the subject was necessary to depict our desired 
type of motion.) Secondly since we needed four different exposures of 
--the same frame of film ,-we ·were unsure of how to compensate for the 
reciprocity characteristics of the film, in order to obtain four 
distinct and cLear images of the subject. (Reciprocity characteristics 
refer to the fact that the longer film is exposed to light, the less 
effect the incident light has on the emulsion on the film.) 
We decided instead to use a series of photographs (four to be 
exact) of the subject at various stages of its motion, the spacing 
between the images in the successive slides to imply the type of motion 
we wished to depict. We felt that if the slides in this sequence were 
advanced rapidly enough, the changes in position of the subject would 
imply to the viewer that it was in motion. 
In retrospect we do not feel that this method of depicting 
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motion is very effective. Slides cannot be effectively advanced ·~-
rapidly enough to imply motion, so that this method is ponderous ,'\nd too 
abstract. Also we tried to imply specific types of motion--constant 
acceleration and constant velocity--which is very difficult with this 
type of still photography. However we are at a loss to suggest a 
better practical method. If the technical problems with it can be 
worked out, multiple exposure photography is probably the best method. 
--------·--rn;;Ullil:orm Acceleration" we wanted to show the motion of 
freely falling objects as well as that of a glider traveling along an 
air track. 1n the experiment itself students record data from a 
stroboscopic photograph that they take with a Polaroid camera of the 
glider traveling down the inclined air track, so we felt that using 
this method of implying motion in the presentation would be helpful 
in familiarizing students with this type of photography. 
Before we took the actual photographs we used in the 
-presentation, we experimented by 'taking photographs with the same 
Polaroid camera used by the students, and making adjustments until 
we reached the optimum photographic conditions. There was a number of 
problems that we needed to resolve. For instance the laboratory 
stroboscopes that we use in the experiment deliver intense flashes 
E 
of light, but not as intense as a regular camera flash unit. To 
compensate for that, as well as to reduce shadows, we tried using 
two stroboscopes, with one being operated externally by the other one. 
Though one stroboscope could synchronize its frequency with the other 
one when connected in this manner, it could not synchronize their 
phases. Thus instead of intensifying the illumination of the images, 
the second stroboscope only added ghosts. Thus we abandoned the idea 
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of using duo stroboscopes, and reverted to using one, 
Another problem we had was that of excessive glare. In order 
to obtain the best illumination of the subject, it was often necessary 
to position the stroboscope in such a way that a great deal of light 
reflected from the wall behind the subject and entered the camera lens, 
causing a g.Lare in the photograph. In order to reduce this problem, 
we covered the wall with a dark blue tarp. A sheet of black felt 
would-have-been best since it is nonreflective; however we would have 
needed a very large sheet and the cost was prohibitive, The tarp, 
though not totally nonreflective, was more than adequate. 
After finding the appropriate aperture (or f/ number) setting 
of the Polaroid camera for this type of photography, we replaced it 
with our 35 mm camera. We used Ektachrome 400 film push-processed to 
achieve an effective film speed of ASA SUO. {"Push-processing" means 
using and developing film as if it had a higher film speed. This 
-process allows for shooting under extremely poor .Lighting conditions, 
though it also slightly increases the graininess of the photograph.) 
The film that we used with the Polaroid camera was Polaroid Type 107 
film which is rated at ASA 3000. Thus we adjusted the aperture 
setting on the 35 mm camera by setting its f/ number two stops lower. 
In order to obtain the desired number of images of the subject, 
we measured the elapsed time for it to pass from one end of the 
viewfinder of the camera to the other, and then set the frequency of 
the stroboscoperaccordingly. 
In retrospect we feel that stroboscopic photography is a very 
effective means of depicting motion. Since multiple images of the 
same subject appear on one photograph, it gives a fairly concrete 
62 
implication of motion. Furthermore stroboscopic photography can be 
used effectively to distinguish between accelerated and nonaccelerated 
forms of motion, and even to study motion quantitatively. 
In "Centripetal Force" we needed to depict the motion of an 
object about a central pivot shaft. To achieve the effect of motion 
for this presentation, we chose stop-motion photography, We achieved 
this by taking photographs of the object while it orbited about the 
slightly blurred image of the object. 
For those who wish to use this type of photography, we suggest 
first to decide how much of a blurring effect is desired, in distance, 
and then set tb,e shutter speed of the camera according to that and the 
speed of the object itself. 
Stop-motion photography is a limited but effective means of 
impl~ing motion. It is limited in the sense that it is inadequate 
_if a quantitative analysis, or sometimes even if a knowledge of the 
direction of motion is important. However for purposes similar to 
ours--that of implying· the orbiting motion of an object--it is an 
effective and simple means of depicting motion. 
Graphic Arts 
Graphics--instructional materials that summarize significant 
information and ideas through some combination of drawings, words, 
symbols, and pictures--can contribute greatly to the effectiveness of 
audiovisual presentations. We made full use of such graphics as 
drawings, graphs, lettering, and labeling techniques in our three 
synchronized slide-tapes. 
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We used slides of drawings extensively in each of the three 
presentations, turning to them mainly whenever we felt that they would 
depict an intended visual message better than photographs of the 
actual situation. At times physical limitations necessitated our 
~= 
using drawings. 
Drawings are very versatile in the sense that they can be used 
to depict virtually any situation. One example of this is their 
an object create the illusion of motion. We used drawings in each of 
the three synchronized slide-tapes in order to depict systems in 
motion, often while quantitatively analyzing the motion. 
A drawing that typifies our use of them is one in ''Uniform 
Acceleration" depicting two similar objects of different sizes falling 
at different rates. This of course does not occur, but is a fallacy ~= 
propagated by a quote of Aristotle's. We could have created a 
--realistic -photograph depicting this fallacy using trick photography. 
However we felt that by doing so we might add realism to the fallacy, 
and propagate it further ourselves, particularly among those who paid 
little attention to the accompanying narration. In order to reduce 
any chance of this, we decided to depict this fallacy with a drawing, 
feeling that this type of representation would create an air of 
fantasy rather than one of reality under the circumstances. 
We also made extensive use of lettering in the form of titles, 
credits, quotes, and equations in the three projects. We used two 
types of lettering processes--the Kodalith process in '~oment of 
Inertia," and drafted lettering in "Uniform Acceleration''' and 
"Centripetal Force." 
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In "Moment of Inertia'' we typed all of the titles, credits, ~-
and isolated equations on sheets of photomaster paper, a hard surface 
paper used to get good clarity for photographic enlargements, and then 
== 
photographed them using Kodalith Ortho film, a high-contrast black and 
white tilm. We used the processed negatives in the presentation, so 
that the lettering is white and the background is black, 
We found the Kodalith process excellent for making slides of 
lettering, but applicable mainly to presentations in which the entire 
sequence of slides contains dark backgrounds, The sharp contrast 
which arises from advancing from one of these slides to one of the 
others with a light background in "Moment of Inertia" is annoying to 
1 
those with sensitive eyes. 
Subsequently we abandoned the use of Kodalith in the final 
two projects, and replaced it with lettering drafted on sheets of 
either clear or frosted acetate, and placed on colored posterboard 
··when photographed. Since these slides consist of black lettering on a 
colored background, their use is much more pleasing visually when 
integrated with the rest of the slides. 
We made other changes in the use of lettering in the last two 
synchronized slide-tapes as well. In order to underscore a topic 
change within a presentation, we expanded the use of title slides to 
include section title slides to introduce new topics of discussion. 
We chose soft, pleasant colors for the background of the 
lettered slides and some of the drawings. Furtl).ermore we coordinated 
the color of each slide within a topic in such a way that each has the 
same background color, We felt that this approach would add to the 
visual continuity of each topic. 
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Last_iy we found the use of labeled overlays very effective in 
helping us to describe laboratory apparatus. In addition to verbally 
describing the air track in "Uniform Acceleration" and the centripetal 
force apparatus in ''Centripetal Force," we added reinforcement by 
labeling the parts of the apparatus in the visual portions of the 
presentations. We did this by obtaining 7" x 10" prints of slides of 
the apparatus, and then drafting labels on sheets of frosted acetate 
so that the labels are superimposed on photographs of the laboratory 
apparatus. 
Narration and Recording of the 
Cassette Tape 
One of the last steps in the production of a synchronized 
slide-tape is the preparation of the cassette tape itself. Before 
recording the tape for "Moment of Inertia," we arrived at some 
~~~decisions concerning the style of the audio portion of the program, 
the essence of which we kept for the other two projects as well. At 
this point we would like to discuss some of those decisions. 
Among the most important ingredients in an effective slide-tape 
presentation is a lucid narration. A garbled narration serves only as 
a deterrent to learning. Originally we were apprehensive over the 
quality of the voice of the narrator in our programs. We felt that the 
quality of the narration would be proportional to the success of the 
presentation. However we found much of our apprehension unwarranted, 
and concluded that as long as the narration is clear and 




We had considered including music and sound effects as part of 
the audio portions of the programs. However we ultimately decided 
that their inclusion would be too theatrical, and hence inappropriate 
for this type of presentation, and might even act as a distraction to 
= 
viewers. 
The audio and visual portions of slide-tape presentations are 
not necessarily closely linked; that is, the narration does not 
necessarily describe what the slide depicts. This is typical of slide- "' -
tape presentations which are used for entertainment or light 
information purposes, in which a great deal of concentration is not 
demanded from the viewer. However the audio and visual portions of 
slide-tapepresentations which are used for educational purposes are 
generally closely linked for reasons of reinforcement and 
clarification. 
Une of the questions that we considered at length before 
----beginning- our first project deals with the maximmn length of time that 
any single slide should be projected onto the screen. We were warned 
to keep the lifetime of a slide to a minimum, or it might approach or 
= even surpass the attention span that the typical viewer devotes to a 
slide. Since the audio and visual portions of our synchronized slide- • tapes are closely linked, the length that a slide appears on the screen 
is dependent upon the length of its verbal accompaniment, 
We believe that restrictions on the lifetime of a slide are 
reasonable only for slide-tape presentations in which there is little 
or no link between the audio and visual portions. In this case a slide 
stands by itself, usually serves as a "postcard" picture with little 
educational or technical value, and hence is not required for a long 
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period of time, In slide-tape presentations in which there is a strong 
link between the audio and visual portions, in that the narration is 
used to either describe or provide further insight into the slide, it 
shoul.d remain on the screen as long as either it takes the verbal -~ 
accompaniment to be completed, or the slide serves a useful. purpose 
visuall.y. Hence in this case no artificial time limit shoul.d be placea 
on the slide, However we feel that no sliae shoul.d remain on the 
screen any longer than absolutely necessary, lest it tests the patience "'~ --
and attention span of the viewer. 
In television and films it is possible to cut from one shot to 
another instantaneously. However most slide projectors require a full 
second in order to advance from one slide to the next. . This means that 
the visual portion of a slide-tape presentation is necessarily 
discontinuous. However the audio portion of presentation is not 
necessarily discontinuous. Again whenev~r there is little or no link 
·between the audio· and visual portions of the program, there is little 
reason to pause between slides. However in the case of our 
synchronized slide-tape presentations, the narration serves as an 
accompaniment to the slides, so that a pause exists between each 
slide. We used these pauses to advantage in that at the conclusion of 
the narration accompanying each slide, we allowed some time to pass 
before advancing to the next slide, in order to allow the viewer a 
chance to contemplate the slide and narration before continuing. Of 
course we varied the period of this delay, depending upon the 
concentration required from the viewer. If the slide and narration 
were simple, such as after a description of laboratory apparatus, we 
advanced to nhe next slide quickly. On the other hand if the slide and 
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narration were complicated, such as after a mathematical analysis, 
we waited several seconds before advancing to the next slide. 
Eye-Ear Favoritism 
Some students at the college level spend up to ninety percent 
of their time-in the classroom listening to discussions and lectures •. 
However in our society, in which we revere the written word .and 
visualized event, there is a tenden..;,y _ J;Q _f_aYo.r_ the_sense __ of __ s ight-ov.er _____ --
that of hearing as the primary sense of perception. Because of· 
this, though audiovisual media are both an audio and a visual media, 
as the name. implies, if such media as films, television, and slide-
tapes are used for educational purposes, they should be geared to 
inform more through visual means than verbal means. 
Under normal classroom conditions, if a teacher presents most 
of the learning materials verbally, naturally students will perceive 
the stimuli through their senses of hearing. However if he uses 
visual materials, even everyday materials such as the chalkboard or 
transparencies, to any extent, along with his discourse, most students 
will favor the visual·stimuli over the audio stimuli. Furthermore 
some will concentrate on the visual representation to such an extent 
that they ignore the verbalization. This favoritism carries over to 
audiovisual materials as well. 
In developing an idea for a sequence in an audiovisual 
presentation, there is a tendency on the part of the inexperienced 
producer to complete the narration first and then return to add 
supporting visual representation later. This tendency to favor 
verbalism is natural since we organize our thoughts and express them 
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in words. However in preparing a truly effective audiovisual e-
presentation, he must be aware of the fact that the typical viewer 
favors the sense of sight over that of hearing. Thus the producer 
must learn to adjust his thinking and think visually; that is, instead 
of verba~izing his intended message, he must be able to first envision 
the most effective visual representation of that message. Only after 
that should he select the narration that will best support or describe 
ffie v~sual message. 
In short in audiovisual presentations that are used for 
educational purposes, the audio portion should support the visual 
portion, and not vice versa. 
Furthermore whenever it is necessary to stress a point, that 
point should be presented both visually and verbally, for reinforcement 
purposes. For example in the course of our synchronized slide-tapes, 
we quoted famous scientists several times. We had considered showing 
a picture of the scientist while reading his quote. However if a 
viewer were concentrating more on the picture than the narration, then 
he would not perceive the quote. To ensure that he would, we showed 
a slide of the quote while reading it. Thus we made the point both 
visually and verbally. This is a practice often followed by the news 
broadcasters on national television when quoting sources, 
Mathematical Formulations 
On several occasions we presented lengthy mathematical 
formulations as part of our synchronized slide-tapes. In retrospect 
we feel that they were not totally effective and believe that the use 
of this medium for this purpose is inferior to the traditional 
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"chalkboard" recitation. It is apparent that such use of slide-tapes, ~-
as well as other similar audiovisual media, exemplifies the limitations 
of this medium, and we advise those who are considering using it for 
similar purposes to exercise caution in so doing. 
We mainly used a series of drawings and equations as the 
visual portion of the presentation during the mathematical 
formulations. The use of drawings was helpful in depicting the 
dynamics as well as defining much of the symbolic representation. In 
"Moment of Inertia" we isolated the equations by showing them on 
separate slides. However we abandoned this approach in "Uniform 
Acceleration," since we felt that equations would be more effective 
if they were superimposed on the appropriate drawings. This led us to 
conclude that slides of isolated equations should only be used when 
they can stand on their own. 
We skipped many of the simple steps of the mathematical 
-formulations in~order to avoid excessive detail and for the sake of 
brevity. Furthermore we verbally challenged students to fill in many 
of the steps and also to derive several equations on their own, for 
reinforcement purposes. 
However we found using slide-tapes for lengthy derivations 
lacking in certain elements which are important in stepwise 
formulations. If a teacher is careful in his use of a chalkboard, 
during a lecture students can retrace previous steps by looking over 
the board, allowing them to review the entire formulation to that 
point. However this cannot be done with slide-tapes, Once a slide is 
advanced, it is irretrievable, so that if a student stumbles in his 
comprehension, it is difficult to recover. 
7l 
Furthermore interaction is often vital during complicated 
mathematical formulations, Students cannot interact with the slide-
tape to clarify steps, whereas in most small recitations, a great deal 
of teacher-student interaction normally occurs, 
Thus we suggest that lengthy mathematical formulations should 
be avoided altogether as part of slide-tape presentations, or if they 
are included, they should be accompanied by a supplement. For example 
tape, from both conceptual and mathematical points of view. At the 
completion of a showing in the physics laboratory, we review the 
concepts and mathematical formulations contained in the presentation, 
which helps to reinforce whatever points students do not fully 
comprehend from the presentation. 
Audiovisual Hardware and Expenses 
The audiovisual hardware that we used in the production and 
presentation of our .synchronized slide-tapes consists essentially of 
three major items. We recorded and played back the cassette tapes on a 
Wollensak 2851AV Visual-Sync Cassette Recorder; we used a Kodak 
Carousel 760H Projector to show the slides; and we took most of the 
slides with a Nikon F c:am<:ra with a 55 mm lens. 
The total expenses for escablishing the program and producing 
our three synchronized slide-tapes were higher than we had originally 
anticipated, However much of that cost went into just establishing 
the program and effectively adapting the medium to the physics 
laboratory, The Physics Department owned the camera and the 
projector. However it was necessary for us to purchase the visual-sync 
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cassette recorder, which cost about two-hundred and fifty dollars. 
Film and film processing, and accessories cost about three-hundred 
dollars, most of which was due to initial inexperience and later due 
to curiosity with photographic techniques. Furthermore we received 
funds for our program, most of which we decided.to spend on the 
graphics, and so we had them done by a professional illustrator. 
Thus the total cost amounted to just over a thousand dollars. 
i---- -----H·oweve-r once we established the program, costs became much 
lower. Another graduate student here at the Physics Department 
recently produced two synchronized slide-tapes with essentially no 
frills, for the laboratory component of our calculus-based second-
semester introductory physics course (introductory electromagnetism). 
Before she began her technical background was comparable to our own 
before we had begun the program. However under our supervision she 
learned the necessary techniques and finished the projects at.a total 





There is an unmistakable trend towards the increasing use of 
media in education. Right now the use of media in the laboratory 
components of science courses is still a novelty,__thoggh_IJQt:__ _________ _ 
i---
unprecedented. For instance slide presentations are being used in 
laboratory classes in mechanical engineering at Ohio State University. 
Video tapes have been in use in the laboratory components of 
introductory physics courses right here at the Physics Department of 
the University of the Pacific. The adaptation of other media for use 
in the science laboratory is undoubtedly on the way. 
We chose to study the medium of synchronized slide~tapes and 
to explore the possibility of adapting them for use in the laboratory 
component of our calculus-based introductory physics course. In our 
work we designed experiments for an entire semester and chose the 
description of three experiments for adaptation as synchronized slide-
tapes. 
Our work with synchronized slide-tapes has taught us many 
things about the use of media in education in general. There is no 
doubt that they can be very effective if they are used appropriately. 
lve firmly believe that synchronized slide-tapes can be used effectively 
in the physics laboratory, as well as in many other science 
laboratories, and nope that we have established their use as a viable 
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This appendix contains the ten experiment descriptions 
(preceded by a supplement) that we wrote for student use in the 
labor a tory component of our calculus-base<:j ___ fir_s_t~semes_ter_in_troductoryr ___ _ 
physics course. They appear in the order in which they are performed 
and are specifically sequenced to be compatible with the third edition 
of Physics, by Robert Resnick and David Halliday. 
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THE VERNIER CALIPER (SUPPLEMENT) 
In the course of your lab work this semester, you will find that you 
will often need to measure lengths with a precision greater than an 
ordinary meter stick can provide. Though many instruments provide the 
precision that we need, the vernier caliper is the most versatile of 
those available, and so will be the one we use in lab. At first sight 
the vernier caliper appears to be a complicated instrument, but with 
some instruction and practice, it becomes rather simple to use. 
The vernier caliper consists of two parts: a stationary bar, and a 
sliding attachment which slides along the bar. These two parts form 
two sets of jaws. One set allows you to measure outside diameters, and 
the other set allows you to measure inside diameters. At the end of 
:---- th<=--s-1-ieil.ng aftachment is a depth bar which al1ows. you to measure depths. 
-
n 
Engraved on the stationary bar are the main scales. Typi~ally both the 
metric and English systems of measurement are engraved on the bar. (You 
will be using one of two types of vernier calipers. On the MG vernier 
calipers, the metric scale is at the top of the bar, and the English 
scale is at the bottom of the bar. The arrangement on the Mitutoyo 
vernier calipers is reversed.) 
Engraved on the sliding attachment are the vernier scales, of which there 
is one by each main scale. It is the vernier scale which allows you to 
determine lengths to a fraction of the graduation of the main scale. 
There is no standard precision to vernier calipers but generally their 
' precision is a direct measurement of their quality. The precision of a 
scale on a vernier caliper is measured by its "least count", which is 
···-the· small-est in-cremental difference that it can distinguish. The least 
count of a scale on a vernier caliper is calculated by dividing the 
graduation of the main scale on the stationary bar (the distance between 
two successive lines on the main scale) by the total-number of divisions 
of the corresponding vernier scale on the sliding attachment (the number 
of lines on the vernier scale minus one). 
From an inspection of our vernier calipers, we obtain the following 
information and determine these least counts: 
MG Mitutoyo 
-
Metric Scale English Scale Metric Scale English Scale 
Scale Graduation 1 mm 0.025 in lmm l/16 in 
mber of Vernier Divisions 20 25 20 8 
ast Count u.os mm 0.001 in 0.05 mm 1/128 in 
To use a ve·rnier caliper to measure the length of an object, follow these 
steps: 
1) Decide upon the system of units (metric or English) in which you wish 
to measure lengths. 
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If you wish to use a vernier caliper in order to make more than one 
measurement, it will be necessary for you to follow all of the above 
steps in order to obtain the first measurement, and then repeat Steps 
5-8 and apply the term obtained from Step 9, if necessary, in order to 
obtain the rest. 
:ii--
--
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Figure z. The V.ernier Caliper 
Figure 2. _Vernier Readings 
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MEASUREMENTS AND ERRORS 
Purpose 
The purpose of this experiment is to learn about experimental errors 
in the measurement of physical quantities. 
Method 
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An air track, which greatly reduces the frictional forces exerted on a 
specially designed glider, is utilized in conjunction with a spark source, 
which generates sparks at periodic intervals. The spark source is attached 
to the apparatus in such a way that sparks are emitted from an arm of the 
1 ____ ,gl i der on to a se ns i ti z ed _ _r_e_c_o_r_di ng_rihb_o_n_mo_unted __ _o_n ___ the ___ a ir-t.rack-~-----W-i-th-·---- --
the air track level, the glider is given an impulse, and its progress 
along the track is recorded with a stopwatch, and traced at periodic in-
tervals with the spark source and ribbon. The data on the ribbon are then 
recorded, using both a meter stick and a vernier caliper, and the results 
are compared with each other. 
Procedure 
(The arms on the gliders have been carefully positioned. If you should 
need to lift the glider from the air track, please be sure that you do 
not disturb its arm.) 
1. Slide the end of a roll of sensitized recording ribbon into the spark 
ribbon groove on the air track and run it from one end of the air 
track to the other end. 
2. Start the air pump. With the glider on it, level the air track by 
adjusting the leveling screws. 
3. Practice giving an impulse to the glider so that it requires 3 to 4 
seconds to go from one end of the air track to the other end. After 
accomplishing this set the timing source on the spark source on "line". 
(This will set the spark source so that it will emit a spark every 
one-sixtieth of a second.) Now give the glider the desired impulse, 
but this time start the stopwatch and the spark source simultaneously, 
just after release, and keep them running until just before the glider 
reaches the other end of the air track. Record the elapsed time as 
determined by the stopwatch. 
4. Examine the black dots on the sensitized recording ribbon. If they 
are roughly 1 to 2 em apart, tear the ribbon from the remainder of 
the roll at the end of the air track, slide it free of the spark 
ribbon groove, and tape it onto the lab bench. (If the spacing of 
the dots is much too small or large, slide the end of the roll of 
·ribbon along the groove until the used end of the ribbon is clear 
of the air track. Tear off the used ribbon from the remainder of 
the roll and dispose of it. Then repeat Procedure 3.) 
~-
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5. Using a meter stick record the distance between the first and last 
dots on the ribbon. By counting the total number of dots between 
these two, determine the time it took the cart to travel from the 
point on the air track which corresponds to the first dot to the 
point which corresponds to the last. 
6. Using a vernier caliper (see "The Vernier Caliper Supplement" for 
information on its use) record the distances between the first 
eleven adjacent dots. 
7. Using a pen or pencil, circle every fifth dot on the ribbon, start-
ing with the first dot, and continuing through to the fifty-first 
dot. Place a meter stick along the trail of circled dots, with the 
zero end of the meter stick beside the first dot. Record the position 
u-£-e-a-c-n--c-rrc-1-eO-ao-t wi-th respect to tliefTrst one---:--
8. Using a meter stick read and record the distances between the adjacent 
circled dots directly, repositioning the meter stick after each 
reading. 
9. Using the vernier caliper record the distances between the adjacent 
circled dots. 
Calculations 
1. By dividing the distance between the first and last dots by the 
elapsed time, as recorded in Procedure 3, find the average speed of 
the glider. 
2. By dividing the distance between the first and last dots by the 
elapsed-time,--as-recorded- in Procedure 5, find the average speed of·· 
the glider. 
3. Record the differences between successive readings of the data obtained 
from Procedure 7. 
4. Make a table containing the information obtained from Calculation 3 
and Procedures 8 and 9, placing corresponding values by each other. 
Label this Table 1. 
5. Make a table containing the information obtained from Procedures 
6 and 9. Label this Table 2. 
6. Add up the first five values obtained from Procedure 6. 
Error Analysis 
(In considering the error analysis remember that Table 1 contains three 
sets of values which are the results of three different methods of 
measuring the same physical quantities, namely the distances between 
·the adjacent circled dots. Table 2 contains two sets of values which 
are the results of the same method being used to measure two physical 
quantities, namely the distances between the closely spaced dots, and 
those between the further spaced dots.) 
-
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1. Compare the value for the average speed of the glider as obtained 
from Calculation 1 with that as obtained from Calculation 2. Which 
value do you feel is more accurate? Why? 
2. Which set of values in Table 1 do you feel is least accurate? Why? 
3. 
Which set do you feel is most accurate? Why? 
Ideally should the values of any 
pattern? Do any of them do so? 
measurements affect the pattern? 
of the sets in Table 1 follow a 
If so do the precisions of t.he 
4. Do the two sets of values in Table 2 appear to have comparable 
deviations about their respective mean values? Did you expect this? 
Why or why not? 
5. Compare the value obtained from Calculation 6 and the first one from 
Procedure 9. Are the two values the same? Should they be? Why or 
why not? 
6. Can all of the experimental error be attributed to a lack of precision 
in the measuring instruments? What other factors must be considered? 
Questions 
1. Consider the two sets of values obtained by using the meter stick 
(Procedures 7 and 8). Which set is more accurate in finding the 
total distance between the first and last circled dots? Which set 
is more accurate in finding the distances between the adjacent 
circled dots? Can you conclude that one method is better than the 
other? 
2. In this experiment does the absolute uncertainty (the magnitude of 
the uncertainty) in a measurement depend on the magnitude of the 
measurement? Why might it be advantageous to measure larger magnitudes 
as opposed to smaller ones? 
3. If the air track were much longer, would the accuracy of either method 





VECTOR ADDITION AND THE FORCE TABLE 
Purpose 
The purpose of this experiment is to study vectors and vector addition 
by experimentally checking the graphical and analytical conditions 
necessary for a set of concurrent forces (i.e., forces acting through 
a common point) to be in equilibrium (i.e., such that the vector sum 
of all the acting forces is zero). 
Method 
The equilibrium of a small lightweight ring _i§_lllflintai_ne<l__<!_t__t:he center ___ _ 
of a force table with the use of pulleys, weights, weight hangers, and 
string. In this way the.equilibrant of a given set of forces (i.e., 
the force·required to be .added to the given set of forces in order to 
attain equilibrium) is found experimentally. The results are then 
compared with the values obtained for the equilibrant from graphical 
and analytical methods. 
Procedure 
In the course of the experiment, you will observe a general lack of 
sensitivity of the apparatus to small changes in magnitude or direction 
in any of the acting forces •. In order to obtain an optimum value for 
the equilibrant, three possible major sources of error in this experiment 
should be minimized and deserve continual attention: 
a) Be sure that the suspension strings are aligned with their 
--c-respective- puiiey- grooves. Slight adjustment of the 
individual pulleys may be necessary to provide proper alignment. 
To make. directional measurements note the position of the 
suspension cords relative to the graduated scale on the force 
table (avoiding parallax), since the position of the reference 
mark on the pulley frame may not correspond to the correct 
angular direction of the force. 
b) To check whether equilibrium is attained, and to m~n~~ze the 
effects of friction in the pulleys, raise the ring vertically 
a few centimeters and then release it. Note whether the ring 
. returns to the center of the force table. An alternate 
method is to displace the ring to one side, noting whether it 
returns to the center. 
c) Be sure that the point of concurrence of the forces lies at 
the center of the ring by adjusting the positions of the strings 
on the ring so that they are always directed toward the center. 
1) Place the ring with the four strings on the center of the force 
table. (when a large, unbalanced force acts on the ring, it will 
be necessary to hold it near the center of the force table in order 
to prevent a collapse of the suspended loads.) Mount one pulley 
at the 30° position on the force table. Run a string over the 
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load from the opposite string run over a second pulley mounted 
at such a position that the ring remains in equilibrium at the 
center of the force table. Rec.ord the position of the second 
pulley and the mass of the corresponding suspended load. 
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2) Mount the third pulley at the 0° position on the force table and the 
fourth pulley at the 90° position. Run a string over each of these 
pulleys. Remove the load suspended from the string at the 30° position 
and suspend loads from the strings at oo and 90° so that the ring is 
in equilibrium at the center of the force table. Record the masses 
of these loads. The force at 30°, which has been replaced by the 
forces at 0° and 90°, is said to have been resolved into components. 
. ~ 
The four force vectors are represenred in Figure 2. Note that B is 
+ -+ + -t 
1 _____ _.t"Ch""e:'-:e_,quilibrant of A as well a.s_o_f_G'__and __ D_, __ and_~ice_:~Cersa._ Also_fl,,----
which has been resolved into the components C and D, is said to be 
the resultant of those two vectors. 
3) It has been established that the three forces b, C, and D leave the 
ring in equilibrium at the center of the force table, but a slight 
deviation in any of the forces·would probably not.change this 
condition. For instance, if a relatively small mass is gently 
placed on top· of any of the suspended loads, it is unlikely that 
the ring will move. To determine the smallest change in each of 
the three forces which causes the ring to deviate from its equilibrium 
position at the center of the force table, gently place small 
increments of mass on top of one of the suspended loads until the 
ring noticeably changes its position. Record this total high load. 
Remove the additional mass so that the mass of the suspended load 
returns to the original value. Now gently remove small .. increments 
of mass from the suspended load until the ring again noticeably 
- clianges ifs--jios-iHon. --Record this total low load. Replace the 
mass so that the mass of the suspended load returns to the original 
value. Repeat this procedure for the other two forces. 
4) Rearrange the apparatus so that a load of 250 grams is suspended 
from a string run over a pulley mounted at the 0° position of the 
force table, a load of 300 grams at the 60° position, and a load 
of 400 grams at the 135° position. Find the magnitude and position 
of the equilibrant of these three forces. 
Calculations 
In this experiment use the following graphical and analytical methods to 
add vectors: 
Polygon Method of Adding Vectors. In this method vectors are 
represented by arrows. Each arrow is drawn in the same direction 
as the vector it represents, and is scaled to its magnitude. The 
first vector is drawn with its tail at an arbitrary origin. Any 
vector which is moved, but remains parallel to the original vector, 
is identical to it. Thus the second vector is added to the first 
by drawing it such that its tail is placed on the head of the first 
vector. The tail of the third vector is placed on the head of the 
second vector, etc. When all the vectors are added, the arrow drawn 




Vector Addition and the Force Table 
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Questions 
l) In using the polygon method of adding vectors, does the order 
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in which the vectors are added affect the value of the equilibrant? 
Explain. 
2) In this experiment we dealt with forces, which are vector quantities, 
yet the dimension of the magnitude of each force was expressed in 
grams, which are units of mass, which is a scalar quantity. Justify 
this apparent paradox. 
3) If the masses of the weight hangers were exactly the same, could we 
ignore them in the calculations? 
1-----
4) If the force table had been just a little off level, how would the 
results of the experiment have been affected? Explain. 
5) Would the ring be in equilibrium if it came to rest at a point not 
at the center of the table? Why was it necessary for the ring to 
come to rest at the center of the table? 
--
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Figure 1. The Force Table 








Figure 4. A Vector Polygon for a Set 





The purpose of this experiment is to study the uniform acceleration 
of an object caused by a component of the f0rce of gravity. 
near the surface of the earth. From the acceleration of the object, 
the value of the constant acceleration of a freely falling body is 
calculated. 
Method 
To obtain a constant acceleration, one end of an air track is raised, 
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discrete data points, a time exposure photograph is taken of the 
glider in motion with periodic light flashes supplied by a stroboscope. 
Procedure 
1) Place a single glider on the air track. Level the air track. 
2) Raise one end of the air track a few degrees. Find 8, the angle of 
inclination of the air track. 
3) Set the camera 
a) aperture control ring (which determines the f/ number) at its 
lowest value, 
b) shutter speed ring at B, and 
c) flash sync and self-time lever at M. 
4) Place the camera at about 2 meters from the air track. Focus the 
camera on the air track by sliding the rangefinder pushbutton 
(labeled 1 on the camera). Adjust the camera angle so that the 
air track extends across the viewfinder and the axis of the camera 
lens is perpendicular to the air track. Adjust the camera height 
so that the glider can appear to pass across the center of the 
viewfinder. 
5) Make a scale near the air track by marking off several 10 em sections 
with tape. 
6) Place the stroboscope in front of one end of the air track, and 
direct its light a·1! a point slightly above the region of the air 
track which appears in the center of the viewfinder of the camera, 
thus illuminating the entire area of interest with a diffuse light. 
Set the stroboscope frequency so that it flashes 10 or 12 times as 
the glider passes from one side of the viewfinder to the other. 





7) The Polaroid Land pack film used With the cameras is expensive, so 
its· usage should be kept to· a minimum. Never take a picture unless 
you are relatively sure of obtaining a positive result. To take a 
picture cock the shutter cocking lever (labeled 3 on the camera), 
and then press the shutter release button (labeled l on the camera). 
The film will be exposed until the button is released. Pull the 
white tab straight out of. the camera, all the way without stopping, 
from the slot (labeled 4 on the camera). Pull the yellow tab 
straight·out of the other· side of the slot of the camera, with 
moderate speed, without hesitating. After. fifteen seconds strip 
the white paper from the brown paper ·starting.fro111 the end·nearest 
the yellow tab. Do not coat the print with any chemicals. Following 
these instructions take a time exposure photograph of the glider 
1-----~p-a-s-s-ing-f-~em-ene-e-nd-e-f-E-he-t-r-a-c-k-t-o--t-he--o-t-he-r----.--------------------- -------
8) Using a vernier caliper· record the d·istances between the adjacent 
exposures of the glider as they appear on the photograph (the /',s' s) • 
. Check the scale as it appears on the photograph to make sure that 
any distortion has been kept to a minimum. If it has, record the 
scale conversion factor. 
Calculations 
1) Convert the photograph scale distances to laboratory scale distances 
(the /',x' s). - The latter distances represent the actual distances 
travelled by the glider <;luring successive time intervals or flashes 
of the stroboscope. 
2) Record the average velocities of the glider during successive time 
iJ11:.§rvals_ (tllg V's}. _Be careful when converting the stroboscope 
frequency, measured in rpm or flashes per minute, into the time in~ 
terval, measured· in a fraction of a second. 
3) ·Record the changes in the averag~ velocities of the glider between 
successive time intervals (the /',v 1 s); i.e., record the differences 
between successive values of ii. If these values indicate that the 
velocity of the glider is increasing at a reasonably steady rate 
(i.e., the C:.ii' s remain fairly constant), it can be assumed that 
the average velocity of the glider during each time interval is 
approximately equal to the instantaneous velocity of the glider 
in the middle of the same time interval (i.e., ii = v in the middle 
of each time interval). This assumption is exactly correct if the 
acceleration of the glider is constant. 
4)" Plot a graph of the ii's, plotted along the vertical axis, as a 
function of time, plotted along the horizontal axis. Since we 
are finding the ii;s during the time intervals, the time coordinate 
of each plotted point should be taken halfway within its correspond-
ing time interval. Draw the best fitting straight line through your 
plotted points. In drawing .this line to fit the plotted points, you 
are in effect averaging your experimental observations. The judgment 
and the care you take in plotting the points and in fitting the line 




There is a better method available for fitting a line to experi-
mental data. This method eliminates the guess work or personal 
judgment, which we employ here, but an understanding of this 
method (fitting by the method of "least squares") will not be 
required here. 
5) Determine the slope of your straight line by constructing a large 
right triangle which uses the line through your plotted points 
as .the hypo_tenuse. The slope represents the acceleration of the 
glider (a). 




Compare the value obtained for g with its. acc:~p.ted value of g = 9.80 m/sec2• 
Account for any difference between the two values. 
Questiens 
1) If in taking the picture, you find that the angle between the axis 
of the camera lens and the air track were acute, how would the 
resulting data be distorted? 
2) It might be tempting to determine the acceleration of the glider by 
dividing each of the ~v's, as obtained from Calculation 3, by the 
time interval in order to obtain the average accelerations between 
time intervals (the a's) and then averaging these values. Why is 
this procedure not advisable? 
3) ·under what physical circumstances would. you expect the point V = 0, 
t = 0 to be a point on the line in your graph of v vs. t? If the 
V-intercept were nonzero in the graph, would you expect it to be 
positive or negative? Why? 
4) How did you find e, the angle of inclination of the air track? 
Suppose that you made an error of 1 em in measuring the length of 
the air track. How would this error affect your value obtained for 
g? Suppose instead you made an error of 1 em in measuring the height 
that you raised one end of the air track. How would this error 
affect your value obtained for g? Why is there such a large dis-





The purpose of this experiment is to study the motion of an object, similar 
to that of a projectile in a plane, in which its acceleration is zero along 
one direction of motion, and con-stant but nonzero along the other direction 
of motion. 
Method 
An air table, which is similar to an air track in principle and greatly 
1-----~e-Guse-s-t--he-f-r-i-e--t-iena-1-E-e-t"-ee-s--exer-t-ed--on--a- puck-,- -i-s--u-t-±1-i-zed--.-------T-o--ob-t-ain-------
a constant acceleration along one direction of motion and no acceleration 
along the other, one end of the air table is raised, and the puck is projected 
from one corner of the lower end towards the middle of the upper half. 
In order to obtain discrete data points, a time exposure photograph is taken 
of the puck in motion with periodic light flashes supplied by a stroboscope. 
Procedure 
1) Place a single puck on the air table. Leyel the air table. 
2) Raise one side of the air table a few degrees by placing an object 
under the single leveling screw. 
3) Carefully mount the camera onto the holder attached to the framework of 
the air table apparatus. 
4) Set and later operate the camera according to the instructions in the 
"Uniform Acceleration" experiment description. 
c:;:_-
,;-
5) Use the rubber band puck launcher to project the puck from the lower 
right hand side of the air table towards the middle of the upper half 
of the table. Take a time exposure photograph of the motion using a 
stroboscope as the light source. The stroboscope should be set so that 
about 10 or 12 images of the puck appear in the photograph. The contrast ~ 
of the photograph is best if the stroboscope is placed about a foot ~ 
above one corner of the air table and its light is directed to a point ~ 
at the same height above the opposite corner, thus illuminating the table 
fairly uniformly with a diffuse light. Record the frequency of the 
stroboscope. 
6) Overlay a sheet of tracing millimeter graph paper onto the photograph 
so that one axis (call it the y-axis) corresponds to the direction in 
which the table was raised and the first clear exposure of the puck 
after release corresponds to x = 0.0 mm, y = 0.0 mm on the paper. (The 
x-axis refers to the axis perpendicular to the y-axis.) Tabulate the 
x and y values of each subsequent exposure of the puck with respect 
to the origin of the Cartesian coordinate system, being as accurate 
as possible (at least to 0.5 mm). In this experiment we will deal only 
with the photographic scale and will not convert the data to their 
laboratory scale counterparts. 




1) If you have been very careful With your experimental technique and 
the placement of the tracing graph paper onto your photograph, the 
acceleration of the puck will be zero along the x-axis and a 
constant negative value. along the y-axis. Assuming this, 
find v , the constant velocity-of the puck in the x-direction, using 
the following method: divide the successive x readings into two 
halves. (If there is an odd number of x readings, omit the 
last one,) Subtract the first reading in the first group from the 
first reading in the second group, and divide the difference by the 
elapsed time between corresponding exposures of the puck. Subtract 
the second reading in the first group from the second reading in the 
second group and divide the difference by the elapsed time between 
corresponding exposures of.the.puck. Continue this process for the 
---~re-s-t-o-f-the-re-a-d±ngs---;--Ave-rclge:-the-se-,,-alueS"'in.oraer--t--o-Obtain-·a·--------
value for v • The method used here to find v is known as the method 
of differen:Ses. x 
2) Using the method described in the "Uniform Acceleration" experiment 
description, find the value of a , the constant acceleration of the 
puck in the y-direction. Be ca~ful in drawing the graph, for the 
v -intercept will later become useful. Note that in the "Uniform 
Altceleration" experiment we measured the l::,s 1 s, the distances between 
successive object positions, while in this experiment, we measured 
the a's, the distances between object positions and the initial 
object position. You will need to calculate the t:,y's. 
3) Derive an expHcit equation relat·ing y and x; i.e., express y as a 
function of x, so that if you had a number forx you would 2e able 
to direc·tly obtain a number for y (e.g., y ~ 5x or y ~ lOx /meter). 
Hint: start-with 
In a two-dimensional problem, how many independent equations does 
this expression represent? 
Error Analysis 
Check the accuracy of your equation by inserting the x readings into the 
equation to obtain y values. Compare these values with the actual y 
readings. Account for any differences. 
Questions 
l) What type of curve would you obtain from a graph of your expressions 
of x as a function of t, y as a function of t, and y as a function of 
x? 
2) What major factors would cause a , the acceleration of the puck in 
the x-direction, to deviate fromxzero? Would this change the type 




3) Would you have been able to find a value for g, the acceleration 
of a freely falling body, from the data obtained from this 
experiment? If not, what additional data would you have needed 
in order to do so? 
~4 
4) If you had given the puck an initially harder or gentler push, 
would your values of a or a have been affected?. Why or why not? 
X y 
5) If you had given _the puck an initially harder or gentler push, 
would your expression of y- as a function of x have been affected? 
Why or why not? 
~-
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NEWTON'S SECOND LAW 
Purpose 
The purpose of this experiment is to apply Newton's second law in order 
to find the mass of an object. 
Procedure 
According to Newton's second law, "The change of motion (of an object) 
is proportional-to the motive force impressed; and is made in the 
direction of the right line in which that force is impressed." In 
simpler terms the net force acting on a body_ equals the time rate "o...,f~------­
change of momentum of that body; i.e • 
... d ... 
F' = QE. 
dt 
With an understanding of this law, you, as part of a group, will design 
and run an experiment, using an air track, in order to measure the mass 
of a glider. In designing this experiment remember two things. First, 
you should attempt to be as accurate as possible in finding the mass of 
the glider. Second, you are limited to the types of equipment you may 
use. An air track must be used. Cameras, stroboscopes, pulleys, objects 
of known mass, string, and vernier calipers will be provided, as well as 
any other equipment, within reason, that you may need. 
Your experiment should be so well designed that you know exactly what 
data you will need and how to obtain and interpret them, in order to 
find the mass of the glider. Check with me, and explain your procedure 
- comp'l:etely-before running your experiment. 
The general guideline you should follow in writing this report is to 
write it so that any student in the class can read the finished product 
and understand the entire experiment. Follow the regular format, but 
explain your procedure and any. inobvious steps completely, and derive 






The purpose of this experiment is to study the dynamics of uniform 
circular motion by determining the magnitude of the force required 
to constrain an object to move in a circular path with constant 
angular velocity. The magnitude of this centripetal force is com-
pared with one obtained from a direct static measurement. 
Method 
• 
-----~- ... -· 
-----· -······ === 
96 
_A han..d ___ opEOrated_cen.tripetal force apparatus is used to orbit an object 
in a circular path with constant angular velocity. The magnitude of 
the centripetal force exerted on the object, the source of which is 
a stretched spiral spring, is determined from measurements of its mass 
and radius and frequency of orbit. The magnitude of the centripetal force 
is then obtained directly by applying a static force on the object 
by suspending a load from a string run over a pulley and attached to 
the·object, such that it opposes the elastic force of the spring. If 
the object is displaced the same radial distance as when orbiting so 
that the spring is stretched by the same amount, then the weight of 
the suspen·ded load represents a direct measurement of the magnitude 
of the centripetal force. 
Procedure. 
1) Find m, the mass of the suspended obj,ect. 
2) Secure the indicator rod, and measure r, its distance from the 
center of the vertical shaft. Secure· .. the crossarm to the vertical 
shaft so that when the object hangs freely, its tip is aligned 
with the indicator rod. Attach one end of the spring to the 






3) Rotate the vertical shaft so that the tip of the object passes 
directly over the indicator rod with each orbit. Use a stroboscope 
as the source of light, and adjust its frequency so that it cor-
responds to that of the orbit of the object. (The two frequencies 
are equal if the object appears to occupy the same position in space 
with each flash of the stroboscope. Because of the finite lower 
limit of the adjustable frequency of the stroboscope, it may be neces-
sary to adjust it so that its frequency is twice that of the orbit of 
the object. In this case the object appears to occupy the same 
position in space with every other flash of the stroboscope.) Record 
the frequency of the stroboscope and the ratio of the frequency of the 
stroboscope to that of the orbit of the object. Repeat this procedure 
twice. 
i-----.4-)-Act<lcmtring tllthe ooj eC:t andrun it over the· pulley. Suspend 
a load from the free end of the string so that the tip of the object 
and the indicator rod are realigned with each other. Be sure that 
the string is horizontal in the region between the object and pulley. 
Record m 1 ,. the mass of the suspended load. 





Average the three values of the frequency f for each value of r, and 
use these averages in the remaining analysis. 
Find F , the average magnitude of the centripetal force acting 
on theaobject, for each value of r. 
Find-.P-1 ,--the magnitude of the force acting on the object due to 
the suspended load, for each value of r. 
Error Analysis 
Compare the 
value of r. 
value obtained for Fe with that obtained for F' for each 
Account for any differences. 
Questions 
1) Suppose that the triple beam balance that you used to find the mass 
of the suspended object was subject to a systematic error so that it 
added 1 gram to the mass of the object. How would this affect your 
values obtained for Fa? Was. it necessary to measure m to 0.1 gram? 
2) If your data and calculations are accurate, you should find that 
where r < r < r Explain this pattern. 
cl c2 c3 
F <F <Ji 
cl a2 c3' 
3) Suppose that in performing this experiment, you obtained a value 
of F for the magnitude of the centripetal force acting on an 
object of mass m. What value for the magnitude of the centripetal 
force would you expect to obtain using an object with mass 2m if 
it had the same radius of orbit? 
4) When obtaining a direct static measurement of the magnitude of the 
centripetal force in Procedure 4, why was it necessary for the 
string to be horizontal in the region between the object and pulley? 
Centripetal Force 
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5) Suppose that in performing the dynamic part of this experiment, 
the axis of the spring were not horizontal. How would the value 
obtained for the magnitude of the centripetal force acting on 
98 
the object differ .from one. obtained with the spring axis horizontal? 
6) How much work does the centripetal force do on the object after 
it reaches the desired radius of orbit? 
7) What becomes of the work done in rotating the vertical shaft 
after the object reaches the desired radius of orbit? Be specific. 
e,-
CONSERVATION OF MOMENTUM 
Purpose 
The purpose of this experiment is to study a collision of two objects 
in a plane and to check whether the momentum and kinetic energy of the 
system are conserved. 
Procedure 
99 
According to the law of conservation of momentum, the total momentum of 
an isolated physical system is always conserved. In this experiment you, 
as part of a group, will design and run an experiment in order to test 
1-----.whetlrer--mrrmen-tum-i-s conserved-for -a systemcons-ist-ingor- two pucks whic"h=-----
collide on an air table, and whether the collision is elastic or inelastic 
(i.e., whether or not kinetic energy is conserved). In addition to the 
air table and pucks, a camera, stroboscope, mass scale, and any dimensional 
measuring devices available will be provided. 
Your experiment should be so well designed that you know exactly what 
data you will need and how to obtain and interpret them, in order to test 
for momentum and kinetic energy conservations. Check with me, and explain 
your procedure completely before taking a photograph. There should be no 
need for any group to take more than one-photograph. 
Hints: Remember that momentum is a vector quantity. Thus for our problem 
we are checking whether 
Kinetic energy is a scalar quantity, so we are checking whether 
1 2 l<mv2="' 2 1 2 
'i mAvA + • B B • mAvA' + 'i mBvB, 
Here A and B denote the two pucks. The unprimed velocities are those 
before the collision, and the primed velocities are those after the 
collision. Be sure you understand the differences between vector and 
scalar quantities. Also remember that an isolated system is one 
in which there are no external forces. 
We are checking whether momentum and kinetic energy of the system 
are conserved. Prove that it is not necessary to convert photo-
graphic scale distances and velocities to their laboratory scale 
counterparts in order to do so. 
A general guideline you should follow in preparing this report is to 
write it so that any student in the' class can read the finished product 
and understand the entire experiment. Follow the format discussed at 
the beginning of the semester, but it will also be necessary to explain 
your procedure completely, since you are designing your own experiment. 
E 
MOMENT OF INERTIA 
Purpose 
The purpose of this experiment is to study the concept of moment of 
inertia and to use the principle of energy conservation to calculate 
the moments of inertia of rigid bodies about their respective axes 
of symmetry. These values are compared with those determined 
from the masses and dimensions of the rigid bodies. 
}lethod 
A lightweight aluminum support in the form of a cross is mounted on 
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whose moment of inertia is to be determined is placed on the cross 
so that its axis of symmetry coincides with the axis of re-
tation of the cross. The torque which rotates the cross and object 
is supplied by a force applied to an axle below the cross arms 
by means of a string wound around the axle. The force is supplied 
by the weight of a driving load suspended some distance above the 
floor; The string which connects the load to the axle runs through 
a series of pulleys so that the load may gain height above the floor. 
Using calculus, the moment of inertia of each object used in this 
experiment can be determined directly from the definition of the 
moment of inertia about an axis. This provides us with a basis of 
comparison for the experimental values. 
Procedure 
To compensate for the work done by the frictional forces of the bearings 
and pulleys, it will be necessary to determine the mass of the suspended 
driving load which keeps the support rotating at a uniform angular 
speed. To do this suspend a load with a small mass from the end of 
the string. Gently tug the string, giving the apparatus an initial 
angular speed, and watch for a change in its angular speed. Increase 
or decrease the mass of the driving load (whichever is appropriate) 
as many times as necessary so that when the procedure is repeated, 
the angular speed of the apparatus is constant. Since the work done 
by friction depends upon the mass of the object on the support, it 
will be necessary to determine this required mass of the driving load 
for each of the arrangements of the_ apparatus in Procedure 4. 
1) Level the rotating support so that the axle is vertical. 
2) Measure r, r d' 
·the radius of 
respectively. 
r , and r , the radius of the axle of the support, 
rl r2 
the disk, and the inner and outer radii of the ring, 
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4) For three trials each, measure t, the time required for the suspended 
load to fall a distance h (where h is the same distance for each trial) 
a) without an object on the rotating cross arms and a driving 
load of 30 grams plus that required to compensate for the 
work done by the frictional forces, 
b) with .the disk on the rotating cross arms and a driving load 
of 200 grams plus that required to compensate for the work 
done by the.frictional forces, 
c) with the ring on the rotating cross arms and a driving load 
of ;wo grams plus that required to compensate for the work 
done by the frictional forces, and 
d) with the ring and the disk on the rotating cross arms and a 
driving load of 300 grams plus that required to compensate 
for the work dQ_ne_b_y_the __ frictional-for-ces-.------------------------
Calculations 
1) Average the values obtained for t for each set of three trials. 
Use these average values in the remaining analysis. 
2) From a consideration of the principle of energy conservation, 
determine the moments of inertia of 
a) the cross arms, 
b) the cross arms and the disk, 
c) the cross arms and the ring, and 
d) the cross arms, the disk, and the ring. 
In each computation ignore the portion of the mass of the driving 
load required to compensate for the work done by the frictional 
forces. 
3) From the results obtained from Calculation 2, determine the moment 
of inertia of 
a) the disk, 
b) the ring, and 
c) the disk and the ring. 
4) From their masses and dimensions, determine the moments of inertia 
of 
a) the disk, 
b) the ring, and 
c) the disk and the ring. 
Error Analysis 
Compare each of the values of the moments of inertia as obtained 
from Calculation 3 with its corresponding value as obtained from 
Calculation 4. Account for any differences. 
Questions 
1) In calculating. the moments of inertia, using the principle of 
energy conservation, were we justified in ignoring the mass of 
the driving load required to compensate for the work done by the 
frictional forces? Explain. 
~ ., ___ _ 
Moment of Inertia 
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2) Use your results in order to examine the conversion of the 
potential energy of the suspended load into the kinetic energies 
of the falling load and the rotating apparatus. Do you find 
that one kinetic energy term is much greater than the other? 
Then when calculating the moments of inertia of the rigid bodies, 
can we approximate their values by ignoring one of the terms? 
What would be the simplified equation you would use in order to 
find I? 
3) What percentage· difference would be introduced into 
value of the moment of inertia of the ring by using 
I= m r 2, where r is the mean radius of the ring, 
equatlob I=~ m (~ 2 + r 2)? 
r r 1 __ r 2 ___ _ 
the calculated 
the equation 
rather than the 
4) Consider a square of length 2r and a disk of radius r, each with 
the same thickness and uniform density. Which has a greater 





STATIC EQUILIBRIUM: THE CRANE 
J;'urpose 
The purpose of this experiment is to study force and torque methods 
of solving problems involving bodies in static equilibrium. 
Method 
103 
A model crane is utilized, its design being such that the forces acting 
on its various parts may be measured. From the dimensions of the crane 
these forces for any given load suspended from the apparatus are calcu-
lated by a polygon, component, or torque method, or by a combination of ___ _ 
1---tlre-1-a-s-c-two~-Tn-e-experiment cons-rs tS_O_f ___ tne comparl.s on-o-r-- these---- -
observed and calculated forces for various configurations of the crane. 
Procedure 
1) Arrange the experimental crane as in the figure. Use one of the 
heavy duty clamps in order to secure the lower end of the crane 
boom to the mast. Make the point B, at which the lower end of 
the crane boom is supported, as nearly as possible vertically. 
below the point A, at which the support cord wraps around the 
pulley. Avoid positioning the cord leading from the pulley to 
the crane boom (AO in the figure) parallel to the ground. Be 
sure that the entire assembly is in the vertical plane by viewing 
it from a short distance. Keep angle 8 at JQO or less to prevent 
a collapse of the apparatus. Never stand too close to the 
apparatus when the weight is suspended from the crane. 
2) With zero load attached, use a meter stick to measure the 
dimensions of the crane, namely the distances AO, OB, and AB. 
Read both balances (let F1 represent the reading on the spring 
balance and F2 represent the reading on the compression spring 
balance in the crane boom) to obtain z~ro corrections necessary 
to compensate for the weight of the boom. Always tap the boom 
in order to reduce its frcition before taking final readings. 
J) Attach a mass of 6 kg for W. Restore the configuration of the 
crane to its original angles. Note that you will not be able 
to restore the crane to its original demensions since the lengths 
of the springs have changed. After you have reduc~d the frictional 
forc~s acting on the boom, record AO, OB, AB, F1 , and F2. Subtract 
the corresponding zero correction values of F1 and Fz obtained from 
Procedure 2 in order to obtain their corrected values. Use the 
corrected values as the observed value of F
1 
and F2 . 
4) Repeat Procedure 3 with the weight attached to a clamp located at 
D, a point between points 0 and C. In addition measure ED. 
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Calculations 
The major objective of the experiment is to compute the values of F
1 and F2 assuming we only know the value of Wand the geometrical 
dimensions of the crane, The following methods will be used: 
Polygon Method. Draw a large vector triangle with its sides 
parallel to the corresponding directions of the three forces 
acting on the crane boom. From the chosen scale and the known 
value of W, calculate the values ofF and F2. (If additional clarification of this method is neede~, refer to the appropri-
ate section of the "Vector Addition and the Force Table" 
experiment description.) 
---•component Met7iod. Resolve the forces actin-g-onthe crane boom 
into their horizontal and vertical components. Since the crane 
boom is in equilibrium, the sum of either set of components is 
zero; i.e. , 
E F = 0 and E F = 0 
X y 







and the Force 
(If additional clarification of this method is 
to the appropriate section of the "Vector Addition 
Table" experiment description.) 
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Torque Method. The torque about a pivot point P due to a force F 
acting on an object is 
' 
-+ 
where r is the displacement vector from P to the point of applica-
tion of· F,· The magnitude of this torque is 
+ + 
where 6 is the angle between the vectors r and F. By convention T 
is positive if the resulting rotation is counterclockwise about P P 
in the plane common to t and F, and negative if it is clockwise. 
Since the crane boom is in equilibrium, the sum of the torques 
about any point due to the forces acting on it is zero; i.e., 
Sum the torques about ~ wisely chosen point in order to obtain 




• If additional equations are 
needed, sum the torques about as many points as necessary, (By 
srnmning the torques about another arbitrary point, you will 
obtain another equation involving the unknowns, though it will 
not necessarily supply more useful information. The points about 
which the torques are summed must be chosen carefully. In this 
experiment it is possible to obtain as many independent equations 
as there are unknowns.) Solve for each of the unknown forces. 
~ 
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! using each of the above methods 
for the arrangement of the crane ~n Procedure 3. 
2) For the arrangement of the· crane in Procedure 4, the forces 
acting on the crane boom do not meet at a common point, so 
that the polygon method cannot. be used to calculate the unknown 
forces, Also note that the direction of the force exerted by the 
clamp on the lower end of the crane boom is not obvious, since it 
cannot be directed along the crane boom, Thus it is necessary to 
resolve that force into two components, preferably into_its x- and 
y- components, and to calculate them separately, Use either a 
combination of the component and torque methods or the latter 







arrangement of the crane. Calculate F
2
_f'rom ~fs componl!nts. 
Error Analysis 
Compare the average of the calculated values of F1 and F2 obtained from Calculation 1 and the calculated values of F
1 
and F2 obtained from Calculation 2 with their corresponding observed values. Account 
for any differences. 
Questions 
1) Torque is a vector quantity. 
torques about any point due to 
boom algebraically? 
Why was it possible to add the 
the forces acting on the crane 
2) Should the observed values obtained for F
2 
correspond exactly 
with the force exerted by the clamp on the crane boom at point B? 
Then- should-the-observed and calculated values of F2 be the same 
even if the frictional forces are negligible? By wfiat amount 
should they differ? Explain, 
3) Why was it necessary to restore the crane to its original con-
figuration when the 6 kg mass was suspended from the apparatus? 
Static Equilibrium: 
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The purpose of this experiment is to study Ho.oke 's Law using spiral 




t>prirtgs are mounted vertically·, and as loads are added to them, their 
elongations are measured. From these data the spring constants are 
calculated. Periods of oscillation are observed for different~l~o~a~d~s~.~~~-
1-----..s,-,u"s"p"'e'"n"'ded-from tlietree ends of the springs. From these data an empirical 
equation is found relating the period of oscillation of a load to its 
mass and the spring constant. 
Procedure 
1) Obtain three springs,8
1
, 82 , and 8 3
, which have different widths. 
2) Mount spring 81 vertically from the horizontal rod. Using a weight hanger 
suspe)ld .a load from the free,_ end of the spri)lg. Record the mass of. the 
suspended load and the corresponding elongation of, the spring with respect 
to its no load length. Repeat· the .Process for four other loads.,· increasing 
the mass by the same increment each time. Be very careful in choosing 
the loads to be suspended from the spring, You should suspend enough 
mass so that the spring stretches noticeably each time, but you should 
not suspend a load that stretches the spring beyond its elastic limit. 





3) Mount spring 81, and suspend a load from its free end. Record the mass 
of the suspended load. Displace the loa.d vertically slightly, and then 
release it. Measure the time required for the load to oscillate 
4) 
::>0 times. Repeat this procedure using two different masses. 
Mount spring 8
7
, and suspend one of the loads used in Procedure 3 from its 
free end. RecClrd me:;, the mass of this suspended load. Displace the· load 
vertically slightly, and then release it. Measure the time required 
tor the load to oscillate 50 times. Repeat this procedure using 
spring 83. 
Calculations 
(Be sure that all quantities with dimensions are in the MKS system of units.) 
1) Plot graphs of W vs. x, where W is the weight (not the mass) of the 
suspended load and x is the corresponding elongation of the spring 
with respect to its no load length, for each of the springs, using 












2) Calculate the period of oscillation for each of the trials in 
Procedures 3 and 4. 
3) From the data obtained from Procedures 3 and 4, and the two previous 
calculations, it appears that the period of oscillation T depends only 
on the mass of the suspended load m and the spring constant k. Let 
us suppose that the period depends on these quantities exponentially 
so that 
where a, b, and c are constants. By evaluating the three constants, 
using the data obtained from the experiment, we can form an empirical 
relationship between T, m, and k. If the exponential relationship holds, 
----t-a-k-i-n-g-t-he-lsg-a-r-i-t-f-un-o-f bo-t-h---s-:f:-des-,-we-ge-~:-- ----
ln T = a ln m + b ln k + ln c 
Using the data from Procedure 3, plot a graph of ln T vs. ln m. Find 
a from the slope of this line.· Using the data from Procedure 4 and 
the corresponding data for m from Procedure 3, plot a graph of ln T vs. 
ln k. Find b from the slopecof this line. Read the value of the ln T-
intercept from the first graph. With this, and the previous knowledge 
of the values of b and k
1
, find a value of c. Read the value of the 
ln T-intercept fromthe second graph. With this, and the previous knowledge 
of the values of a and m , find a second value of c. Average the two 
values obtained for c, agd write your empirical equation, replacing 
the constants by their numerical values. Use the proper number of 
significant figures • 
. Error Analysis 
Account for the difference between the empirical equation obtained in 
Calculation 3 and the a priori equation 
1 
T = 27r(m/k)'1. 
Questions 
1) Do your plots of W vs. x obey Hooke 1 s Law? Explain. 
2) How would the period of oscillation of an oscillating mass be affected 
if the experiment were done on the moon? 
= 
Appendix B 
· SCRIPTS UF THE SYNCHRONIZED SLIDE-TAPES 
This appendix contains the complete scripts of the three 
synchronized slide-tapes that we produced, and are sequenced in the 
order in which we completed them, 
~ach of the slides in a presentation is numbered on the far 
left-hand side, beside the frame. The content of the slide is 
described in the frame. If no parentheses enclose the description, 
then the lettering is the content of the actual slide itself. A 
description of the type of slide appears just below the frame. The 
accompanying narration to the slide is written to the right of the -
frame. 
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TITLE: Moment of Inertia 

























' ('"'-~----------------·------.. --... , 
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~~~-~---------:~e~t-~_· a---- _ _) 
TYPE; Lettering 
~---- ------·--- -·--~) 
No ,f I 
_4-J i 
by l 
















T JTLE: Moment of Inertia 
ViSUAL 
No.{ 
_2~ (Slightly downward shot of 
the experimental apparatus 
disassembled) 
I 
\. __ ______ / 
TYPE: Direct Subject 
r·--- .. ·· 
I 
·-\ 
~~~j (Close-up, slightly down-









!iln 1 ! 
'~zJ I 
l (Close-up, slightly down- l 




\ .-··- .. --~---- ----------~-
.,. 
!YPE! Direct Subject 
Ho (-------·-·---------·-- ---,: 
~·l I 
1- (A rigid body) ' 
l Y P :.=~ ! Drawing 
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;~ 
As you know the principle of conserva- " 
tion of energy states that the total energyB 
of an isolated system is constant. In this'--
experiment you will apply this principle, ~ 
using these apparatus, in order to calcu- ~ 
late the momentsof inertia of two rigid ~ 
bodies: 
a disk, 
and a ring. 
First of all a rigid body is a system of 
particles in which the particles always 
maintain the same positions with respect to 
each other. 
~~ 




. . l 
No, . 1 
-~ I 
I (A rigid body rotating about! the z-axis, with its angular! 
[ velocity labeled lu) j 
l_________ ) 
Drawing 
-·---------- -----.._ ( \ ,, ' 
P~O •i 
_l.Q_i (A rigid body rotating about 
i 
1 the z-axis , with its angular i 
I velocity label~d w, and a ! 
I radius vector r directed ,Ji 
l from the z-axis to a point P on the body) ......... -~-------------------·-·---"'/' 
Drawing 







v = W!' 
1. 2 2 ='im!'w 
; v :·· ·'. : Lettering 
·.,.- :.:· i·:; Lettering 
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Suppose that this rigi~ body rotates 
with an angular velocity w abeut an axis 
(chosen to be the z-axis) which is fixed 
in a particular inertial frame ef 
reference. 
Each particle of the rigid body 
possesses a kinetic energy, Consider a 
particle P of the rigid body with mass m 




kinetic energy is~ mv2 , where Vis 
tangential velocity of the particle. 
The kinetic energy of the entire rigid 
body is just the sum of the kinetic 
energies of all the particles from 
which it is composed. Since each of 
the particles has the same angular 
velocity, the total kinetic energy is 
given by this bottom equation. 
~--










~t ,- -·" : 
No, - I ! 
lS (A rigid body in a reference ! : --r ,! 
frame with a radius vector r l 
directed from the z-axis to ! 
I a point P on the body) 1 
.I -- ______ / 
TYPE: Drawing 
/'--------~-- ------------ -"'-..\ 
___ {___ ) 
No ,j 1 
_1_5_; (A rigid body rotating about ! 
I the z-axis superimposed over I 
the same·body rotating about, 
j the x-axis) I 
) I 
\_______ _ ___ ) 
TYPE: Drawing 
No,r---· 
161 ____ ) 
(Slightly downward shot of 
the disk and the ring) 
Direct Subject 
The moment of inertia of the body with 
respect to a particular axi<> of rotation 
(in this case the z-axis) is defined by 
this equation. 
Note that the moment of inertia of a rigid 
body depends on the particular axis about 
which it is measured. 
If the reference axis is 
moment of inertia of the 
must be reevaluated with 
new axis. 
changed, then the 
same rigid body 
respect to the 
If the rigid body is composed of a 
continuous distribution of matter, as is 
the disk or the ring, rather than of -
discrete particle masses, imagine it to 
be subdivided into infinitesimal elements, 
each of mass dm. 
-~ 
"'= 











{"''"boo, in • <•f•~ ~~~ 
ence frame) 
\ ... _________________ ) 
TYPE: Drawing 
____ M____ __ .... ,, .. 
. , ( \1 
1'10 ·j l 
. .19... (A disk in a reference i 
I 
frame with the equation of ! 
its moment of inertia) I 
I 
\ 
' " "------··~--·-·--~- __________ , ..... ~· 
TYP[::. Drawing 
No .r-· ",I 
~~ (A ring in a reference frame1 
I 
with the equation of its I 




T" f)': ' y • t: • Drawing 
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Replacing the summation sign by an integral~ -
sign, the moment of inertia of the rigid ~ 
body is given by this integral, where the ~.:_~ 
integral is taken over the entire rigid 
body. 
For rigid bodies that have irregular shapesc-
the integral may be rather difficult to 
evaluate, but for those of simple geo-
metrical shape, the integral is fairly 
simple to evaluate, especially if the axis 
about which it is taken coincides with an 
axis of symmetry of the body. 
Using your textbook if necessary, see 
if you can prove that the moment of inertiae--
of a disk, of uniform density, about its --
axis of symmetry, is one-half of its mass 
times the square of its radius. 
Also prove that the moment of inertia of a 
ring, of uniform density, about its axis of 
symmetry, is one-half of its mass times 
the sum of the squares of its inner and 
outer radii. 
T .. --~ !-




(Slightly downward shot of 
the disk'and the ring) 











TYPE: Direct Subject 
,----·----·-··------ ., 
I 




' ' -2:L! I 
(Close-up, slightly down-





.2~~ (Close-up, slightly down- I 
-· 
I ward shot of the disk on the! d . ' support, with cord lea ~ng j 
I from the support hub) l 
\ /' 
'·-------···-----···--------------··--·· 
!YPE: Direct Subject 
~-:: 
~ 
The values of the moments of inertia of lf 
these objects you obtain from the definitior5~ 
will give you a basis of comparison for the2 
values you obtain by experimental means. ~ 
6-.-
Now consider the following arrangement 
of apparatus used to experimentally deter-
mine the moments of inertia of rigid bodies. 
A lightweight aluminum support shaped in a 
cross is mounted on ball bearings capable 
of rotation about a vertical axis. 
The rigid body, whose moment of inertia is 
to be determined, is placed .on the cross 
so that its axis of symmetry· coincides 
with the axis of rotation of the ·cross. 
!F-







ward shot of the ring 
mounted on the support, with 1 
cord leading from the sup- I 
port hub) , 
I __________ _) 
TYPE: Direct Subject 
(Close-up of the support 
hub with cord wrapped 
around it) 
---·--------





(Medium shot of the experi- l 
mental apparatus set up for ! 
a run) 
TYPE: Direct Subject 
'
·In (-~------- --------"'\ 
'tu •. , 
z_s_l I 
-, (Close-up of the suspended ! 
J load) i 
I I 
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: The torque which rotates the cross and 
I rigid body is supplied by a force applied 
j tangent to an axle below the cross arms 





: The force is supplied by the weight of a 
! driving load suspended some distance above 
' the floor. 
The string, which connects the load to the 
axle, 
T JTl.E: Moment of Inertia 
'll~UAI \j .~....... 1... 
No.[ ~,i I 




TYPE: Direct Subject 
~ 
(Close-up of the upper 
pulley) 
TYPE: Direct Subject 
/~---- -, No.( 
31 . ·-1 
(Medium shot of the pulley j 




No • (Long shot of the pulley ! 
system and the descending _! 
suspended load at the start I 
I of a run) I 
L_. __________ --------·-··) 
TYPE: Direct Subject 
'.1/\cRA-·Jn•; 117 hnr" I ull 
runs through a series of pulleys 
so that the load may gain height above 
the floor. 
If the driving load is allowed to fall, 
T l TLE: Moment of Inertia 
VISUAL 
No .cl (Long~hot-of the pulley -~) 
~ system and the descending I suspended load at an inter-
~''"'' "'"" of • <UO) ~ 
TYPE: Direct Subject 
" rL: shot of the pulley .. _". 
~ ~ystem and the descending I suspended load at an advan-
c~Ugo ofo <UO) ) 
TYPE: Direct Subject 
(Long shot of the pulley 
system and the descending 
suspended load at the ter-
mination of a run) 




I, ~ ··----·--·-··---- '.-- --·· ----. ---- __ ....., . 
T' ·r) c: . 
• ( j ;_,. Direct Subject 
N,~RI\A TION 11s 
it sets the cross and rigid body into 
rotational motion. 
TITLE: Moment of Inertia 
VISUAL 
~~~'((Close-up, slightly~=~-~,~ 
--~ ward shot of the rotating I 
1 disk on the support at an I 
I




T YF E: Direct Subject 
c --1, 
No'! (Close-up, slightly down-
~ ward shot of the rotating 
j disk on the support at an 
! advanced stage of a run) I 













ward shot of the rotating 
disk on the support at the 
termination of a run) 
\ j .. ~~-·..---- -----·~·------------·-----·~·· 
Tl \il)E. 
j ' ·• I Direct Subject 
No, 
( --------
1 1~ 'I (The 
1 with 
I 
apparatus during a run 
an energy analysis) 
T·y' P L:. ; Drawing 
tl.4 R FP.T I 0 i\! 119 
As the driving load falls, its potential 
energy decreases. The principle of conser-
vation of energy dictates that this de-
crease in energy is equal to the increase 
in energy elsewhere. By examining the 
system it becomes apparent that this 
energy is transformed into its own kinetic 
energy 
TITLE: Moment of Inertia 
VISUAL 
~r .(::~-up~-~:ghtly dow~~-~~ 
- ward perspective of the I 
I rotating disk on the support~ 
! 













L . ) ---·-~---------
TYPI:: Drawing 





/ (Close-up of the lower ! 
! pulley) ! 
I 





l ' / ----·----····-··--· . ~-···--------
., .. , p >=. 
I' '-• i Lettering 
} 
N.4RRATION 12o 
as well as that of the rotating cross and 
rigid body, 
and the work done against the frictional 
forces in the system, such as those of the 
bearings in the axle·, 
and the pulleys, 
Thus the decrease in potential energy of 
the driving load is equal to its increase 
in kinetic energy, plus the increase in 
kinetic energy of the cross and rigid body, 
plus the work done against friction. 
TITLE: Moment of Inertia 
VISUAL 
~{Th. ""''"'"' d•rlng '~ 







. ~~:~=~. slightly down- -,~ 
No ard perspective of the ro- .
1
 
~ ating disk on the support 
· with the moment of inertia J 
labeled I, the angular vel-
1 
oci ty labeled w and: the 






;·,!. I 11 :HJ ~ 
47 I . 
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l Suppose that the driving load with 
J mass mp is allowed to fall a distance ho 





















I and I is the moment of inertia of the 
cross and rigid body about their axis 
of rotation, and w is their common final 
angular velocity, 
then the conservation of energy may be 
represented by this equation. 
The next task is to express the final 
linear and angular velocities, and the 
work done against friction in terms of 
directly measurable quantities. 
-
:_! __ 
Try proving that if the acceleration of the 
drawing load is constant, its final velocity 
can be expressed as two times the height 
through which it falls, divided by the 
elapsed time, 














(Close-up of the suspended 
.load wi.th a single slotted 





,------·--. ----·--------.. -, 
( \ 
'I 
1~0 'I 51 
-I 
I 
(Close-up of the suspended 
load with two slotted 
weights on the weight 
hanger) 
L ____ _ 
TYPE: Direct Subject 
_ ........ 
lb, (Close-up of the suspended 
5~~ load with three slotted 




lYF'E: Direct Subject 
" \ 
' / 
fL4RHAT !ON 1L2 
and that the final angular velocity of 
the cross and rigid body can be expressed 
as two times the height, divided by the 
1 
product of the support axle radius and 























To evaluate the work done against the 
frictional forces in the system, you must 
find a driving load that will fall with a 
constant velocity when given an initial 
tug. 
To do this increase the driving load in 
one gram increments 
l-IT' c· · Li... Moment of Inertia 
V.S'IAI l L) I I-. 
~\ 
I No.r';Lon~-shot of the pulley 
~~ system and the descending 
suspended load at the start 
of a run) 
! 
I 
T YP t:i: Direct Subject 
rl!o( • 'I (Long shot of the pulley 
~ system and the descending 
suspended load at an inter-
mediate stage of a run) 
L _) 
TYPE: Direct Subject 
(----- --~ 
~~~j (Long shot of the pulley I 
-·-- system and the descending 1 
I
I suspended load at an advanc-1 
ed stage of a· run) 1 
! I l \,_ _ _______ _) 






(Long shot of the pulley ··~-.~ 
system and the descending. ' 
suspended load at the ter~ l 





' l ,_ • Direct Subject 
,-
until it begins to descend 
~-
TITLE: Moment of Inertia 
VISUi1L 
l 
' I ! NO, 
~) 
57 
(Close-up of the suspended 1 
load with three slotted 





TYPEI: Direct Subject 
! 
/- -\ 
[~~,((Close-up of the suspended 
--; load with two slotted 
weights on the weight 
hanger) 
TYPE: Direct Subject 
(
' ·~--------\ 
No • (Long shot of the pulley \ 
-·~ system and the descending ) 
suspended load at the start 
I of a run) 
I 
ll ,J __ ....... _________ , ______ _ 
TYPE :Direct Subject 
No ,(~~g shot of the pulley ~~ 
60 1 system and the descending 
1 
·-·---, suspended load at an inter-
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decrease the driving load in one gram 
increments until you reach the point at 
which the driving load descends at a con-












(Long shot of the pulley 
system and the descending 
suspended load at an advanc-, 
ed stage of a run) 
'1--------~j I 





(Long shot of the pulley 
system and the descending 
suspended load at the ter'-
mina tion of a run) 
'-----







I wf = mflh i I 
l \, ________ _ 
·r·yn;::, 
1 >.-I Lettering 
l-.l ( (Clos=~p, -slightly down- --)~ 
io09 ward shot of the disk on 
_6_ the support with cord lead- ! 
ing from the support hub) ! 
I ! L ___________ _ 
Tvot-· 




The weight of this driving load repre-· 
sents the force needed to just overcome 
the frictional forces in the system. 
Using the principle of conservation of 
energy, show that if m represents the 
mass of this driving llad, the work done 
against'the frictional forces in the 
system is represented by this equation. 
Note that if you change the system, you 
may need to reevaluate mf for this new 
system. For example, if you replace 
the rigid body on the cross with a 
different one, 
I 
TITLE: Moment of Inertia 
VISUAL 
; c---· -1~0, (Close-up, slightly down- l 
65..- ward shot of the ring on the J 
support with cord leading 
from the support hub) 
~------------------
TYPE Direct Subject 
) 
\ 
m = m - m 
T f 
I 





1\0 o I 
67 I ---1 2 I - 2(£.L - 1111' 2h 
I 
I \ __ 
TYPC: Lettering 
1) 
_ ___ ., ..... --- .J 
---~.\ 
I 
No ·l (Close-up, slightly down-_ .
1
! 
68 ward shot of the ring on the --, 
! support with cord leading I 
J· from the support huh) 
! ! 
l ) ______ , ---------· _ _./ 
TYP[; Direct Subject 
rMRRi\TlON 126 
if the objects have different masses, you 
must reevaluate m for this. new system 
since the frictio£al forces of the bear-
ings in the axle depend on the weight 
which they support. 
Suppose you run a trial in order to 
find the moment of inertia of a rigid 
body. Defining m. to be equal to the 
total mass of the driving load minus 
that necessary to compensate for the 
frictional forces, 
it is left to you to try to show that this 
equation closely approximates the moment 
of inertia. Notice that I is expressed 
in terms of directly measurable quanti ties._ 
From this discussion, I represents_ the 
moment of inertia of the cross and the 
rigid body which rests on the cross. 
--~----
TITLE: Moment of Inertia 
VISUI\i_ 
\r--1 ______ ___./ 




I (Close-up, slightly down-ward shot of the support) 
,___ ___________ __./ 
TYPE: Direct Subject 
----------------. 
( ' 
l'k; '! ( . l 
_]lj Close-up, slightly down- I 
- - ward shot of the ring on the 
l 
\ 
support with cord leading 
from the support hub) I 
I 
J 
"------·-- ____ _, ... / 








I~,_ =I I .v c1it>b - a 
I 
I ' 
\ ' '-----------------------// 
~-










1 In order to determine the moment of 









you must first determine the moment of 
inertia of the cross alone by running a 
trial without any rigid body on it. 
Then determine the moment of inertia of 
both the cross and the rigid body by 
running' a trial with the rigid body on 
the cross. 
The difference in the obtained values-
represents the moment of inertia of 









TITLE: Moment of Inertia 
No .f----------~1 
~~ (~lightly downward shot I 
of the dis.k and th<;! ring) I 
1-------j 












1·1 f"' ) ·-
d~~·l Neil L. Lark 
~ 
Professor 












Using the principle of conservation 
of energy and the procedures descr~bed 
here and in the experiment description, 
you will be able to determine the 
moments of inertia of these objects. 
..... -
TITj-i __ t: Moment of Inertia 
VISUAL 
·-· .. "' 
\If"\ l.u, 















78 Sandra L. McNett 
--~ 
Consultant - Supervisor 
University of the Pacific I 
I __________ ) 
TYPE: Lettering 
1,-----·----- ...... ._..._ 
'I ( \11 rw,i 
79 i ---~ Darwin j3~rnoff 
I Assistant Professor 
! 
\
j University of the Pacific 
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TJ'L[:' I J ·'-: Uniform Acceleration 
IIJSI 'lil t .'. i .. h'\ 
-----·--
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r~o '(-----·----- ~ 
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NARRATION 131 
As you know the acceleration of a body 
is defined as the time rate of change of 
its velocity. If its acceleration does 
not vary with time, it is said to have a 
constant acceleration. 
One example of constant acceleration is 
free fall. At or near the surface of the 
earth, in the absence of air resistance, 
all bodies, regardless of their size, 
weight, or composition, fall with 
approximately the same, constant 
acceleration, as illustrated by this 
stroboscopic time exposure photograph. 
The acceleration of a freely falling body 
is called the acceleration due to gravity, 
and is denoted by the symbol g. In this 
experiment you will calculate its value. 
In order to test the accuracy of your 
results, you will compare your calculated 
value with the standard value of g-
9,80 meters per second squared. 
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TYPE: Lettering 
No, 




r.::.·. bo~~:s which have a --··\ 
No,! greater impulse either of 
_l) ! weight or of lightness, if 
l they are alike in other respects, move faster over ani i 
I 1 n j equa space •.• · 
! Aristotle. 1 
\ From Physu;s / -· ...... ·---- --·-----
TvuE·· t I I I Lettering 
No.(. 
12 l ---1 (Two different balls falling I at different rates) 
/ 
The nature of the motion of freely 
falling bodies was once a subject of 
interest in natural philosophy, For 
nearly 2000. years. the. ideas of. the 
Greek philGlsopher Aristotle dominated 
Ean-'·s· view of this motion. 
In his work entitled Physics, Aristotle 
asserted that " .•. bodies'which have a 
! greater impulse either of weight or of 
; lightness, if they are alike in other 
• respects, move faster over an equal 








: This quote implies that heavier bodies 
I should fall faster than light~r ones. 
I 
1 This, of course, is a fallacy, but is 
; still today a common misconception, 
! which perhaps is due to the 
i misinterpretation of everyday 
1 observations.· 
TITLE: Uniform Acceleration 
VISUAL 
No, 
(A golf ball and a sheet of 







(A golf ball and a tightly I 
I wadded sheet of paper 
l
. falling at approximately 
the same rate) 
T YF' E: Stroboscopic 
r----
1\'o 1 • , 'I 
..1.2 .. , 
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1 For example if you drop a ball and a 
l sheet of paper simultaneously, the ball 
I falls faster than the paper. However, 
l this is not due to their difference in 
l weights, but rather the difference in 









If the ball and paper were dropped in 
a vacuum, where there is no air 
1 resistance, or if the sheet of paper 
I is tightly wadded, so that the effects 
I 
1 of air resistance are similar, then 
l the ball and paper fall virtually at 



















In the 16th century the Italian 
scientist Galilee, conducted a series 
of experiments, the results of which 
contradicted Aristotle's assertion. 
. Accm:ding to legend Galilee 
demonstrated that bodies of different 
weights would fall at the same rate 
by dropping two lead weights from 
the leaning tower· of Pisa, while· the 
faculty and students of the 
University of Pisa observed, 
i; -
~= 













(Two balls of different I 
masses rolling down GalileoiJ 





'·' ~-.if one were to remo~~ 
110 'I entirely the resistance of 
.--l9-j the medium, all materials 
would descend with eqnal 
speed." 









Whether this occurred or not, 
known that Galilee supported his 
with the use of inclined planes. 
it is 
claim 
He showed that the acceleration of 
balls rolling down inclines is both 
constant in time and independent of 
their weights, and argued that this 
motion is similar to that of freely 
falling bodies. 
Furthermore .in his book, ThJo New 
Sciences, Galilee made a claim, 
which was verified centuries later 
with the development of the vacuum 
, pmnp. In it he said, " ••. if one were 
i to remove entirely the resistance of 
I the medium, all materials would 
I 






















TITLE: Uniform Acceleration 
VISUAL 
Ng.~Long shot of the air trac:1 
---1 glider, blower, stroboscope, I 





TYP~: Direct Subject 
No,'Ctly downward, angled~ 
22--J shot of the air track with t 
I the hollow aluminum 11 "extrusion, support beam, 
!leveling bar, and leveling. \ screw pointed out and ! 
\,,~~-=e"!_ _ ___ ) 
TYPE: Direct Subject with a 
Lettered Overlay 
_,..-... - .. -----~--
( 
i\ln i 
"'o '' (Close-up, cross-sectional 
_ __f;;l_,l: shot of the extrusion on the 
air track) 
! 
TYPE: Direct Subject 
~ -~ 
N~4 (Slightly downward, angled l 
shot of the blower l 







In this experiment you will 
calculate the acceleration due to 
gravity, using these apparatus, and 
the instructions provided in the 
experiment description. 
One of the apparatus you will use 
in this experiment is the air track. 
An air track consists of a hollow 
almninum extrusion mounted on a 
support beam, which rests on a 
leveling bar at one end, and a 
leveling screw at the other end. 
The cross section of the extrusion 
forms an isosceles right triangle, 
with the two slanted sides meeting 
at right angles. 
Air is forced into one end o.f the 









shot of the plugged 





TYPE: Direct Subject 
No. 
26 (Semi-close up, slightly 
downward, angled shot af·the 
hales an the a:i:r track wi.th 
arrows painting to the holes) 






(Close-up, slightly downward, i 
angled shot of the glider) [ 
l I 
"-----~--------~) 
TYPE: Direct Subject 
No, 
_za 
(Close-up, cross sectional 
shot of the glider on the I air track) 
~--··---·-··-·--- --
TYPE: Direct Subject 
N/~RRATION 136 
Since the other.end is plugged, 
air escapes from the extrusion 
through several rows of tiny holes 
located on the two upper sides. 
A specially designed glider is 
used in conjunction with the air 
track, 
The skirts of the glider are 
constructed in such a way as to 








(Semi-close up, slightly 
downward, angled shot ot 
glider on the air track) 
TYPE: Direct Subject 
the 
(Front shot of the glider 
traveling across the leveled 
air track) 




..B_j (Front shot of the inclined 
air track) 
l 
\..., _____ _ 
-------~ 
TYPE: Direct Subject 
! 








IWhen the glider is placed on the air 
J track, escaping air forces the glider 


















JThis thin film of air between the 
J glider and air track eliminates 
virtually any friction acting on the 
glider as it moves along the track. 
Now suppose one end of the air 
track is raised. 
8-
TITLE: Uniform Acceleration 
VISUAL 
No.[-
33 -- (Fr t shot of the glider 
accelerating down the 





(Close-up, slightly downward, 
angled view of the glider, 
with the acceleration due to 
gravity labeled g) 
T!"PE: Drawing 
,/'""'- ~ 
No.f . . I 
35 
I (Close-up, sl~ghtly downward,] 
~ angled view of the glider, 
1
. 
I with its acceleration labeled 





(Close-up, slightly downward, 
angled view of the glider, 
with the acceleration due to 
gravity labeled g, the 
acceleration of the glider 
labeled a, and the angle 
between the vertical and the 
i normal to the glider labeled , 
~) j 
-~---·· .,'' 
-~ ,,,.., r·' 








I If the glider is placed on the air 
I . . . 
1 track imd released, it accelerates 


















i If··the glider were allowed to fall 
J freely, it would fall with a constant 
I acceleration-·-the acceleration due 
I . 



















' However the inclined air track serves 
i to reduce its acceleration, and to 
l redirect. it along the track • 
The acceleration of ·the glider along 
the air track is a component of the 
acceleration due to gravity, and.is 
equal to g times the sine of e, 
whe·re e is the angle between the 











1 (Multiple images of the I 
37 ' glider accelerating down the 
··-'"'--! inclined air track, with J 
!lettering a+, 8 as the angle \ 
!, between the vertical and the normal to the glider, and I 
l~ = a/sin 8 on top) ~ 
TYPE: Drawing 
~ 
No I (l:nclined air track, showing 11 
38 ' 1 8 . as the angle be tween the --1 vertical and the normal to 
of inclination of the air i-
track) I 
' . _) 
Tl '!D( • 









No I (Long front shot of the 
·40' . glider on the inclined track ; 
--~ in the background, the cameral 
mounted on the tripod in the l 
J foreground, and the : 












i Tlrus by measuring the acceleration of 
I the glider along the track, and the 
i angle e, you can obtain the 
l acceleration due to gravity. 
I 
i It is left to you to devise a method 
I with which you can obtain.8. This 
l task is easier if you first show that 
i 8 is also the angle of inclination 
I of the air track. Before conducting 
i the experiment think about why it is 
I necessary to level the air track 
: before raising one end in order to 
1 accurately measure 8. 
I 
In order to calculate the 
acceleration of the glider along the 
air track, you will interpret· data 
1 
from a stroboscopic time exposure· 
I photograph that you take of the 
I . 






TITLE: Uniform :Acceleration 
VISUAL 
No, 
JW (Close-up, slightly downward, 




TYPE/: Direct Subject 
No, 
....±2_. 
(MedillDl, slightly angled 
shot of the Polaroid camera 
C
ounted on the tripod) 
1 ___ ,_ ) 
TYPE: Direct Subject 
'J r.o, 
·1 _____ .,. . 
_!WI (Close-up, slightly 







c··~,., ___ . _____ ) 
TYPE: Direct Subject 
" 
(Tight, front shot of the 
glider acceleration down the 










I The photograph is taken from a 
i Polaroid Land camera, which uses a 







To ensure its stability during the 
exposure, the camera is mounted on a 
tripod. 
In order to obtain discrete images of 
the glider in motion, the photograph 
is taken in partial darkness, with 
the only light source being a 
stroboscope, an instrument which 
delivers intense flashes of light at 
periodic intervals. 
The photograph that you take should 
be similar to this one, 
s-
r- -
TITLE: Uniform Acceleration 
VISUAL 




Of Data . j 
(\.__ __ ____ j 
TYPE: Lettering 
~ ·------... . 
. , ( : 
i1o ·i I _.A_zj (Slightly downward shot of a · 
I 
vernier caliper, comparator, J 
and traveling microscope, , 
. placed by a photograph) ! 
I 
! 
\ , __________ _ 
Tn'E: Direct Subject 
---------·~ 
No, (Multiple images of the '\! 
glider accelerating down the 48 
I 
inclined air track, with the 
l 
images labeled by s 1 s, the ! 
intervals labeled by 6;J;. '+1 i 1..-, 1.- t 
= cf!s. .+. 1 , and 6;J; = eM i ' '& '& 
l on top~. ·- -------- ) 
TYPE: Drawing 
N.4RRATION 141 
1 An image of the glider appears each time 
I the stroboscope flashes. Note that a 
l marker, attached to the glider, provides 
l a convenient reference for taking 
i measurements. Since equal periods of 
i time elapse between flashes of the 
l stroboscope, and the spacing between 
images increases from left to right, 
the direction of the acceleration of 
the glider is also clearly from left 
to right. The thick white marks below 
the glider are strips of tape placed 
ten centimeters apart on the air track. 
They serve both as a scale and as a 
check for any photographic distortion. 
To interpret the data in the 
photograph, you will measure the 
distances between successive images 
of the glider, using either a vernier 
caliper, comparator, or traveling 
mic-roscope, all of which are precise 
measuring instruments. 
These measured increments, represented 
by the f!s 's, are converted in to the 
actual distances traveled along the 
air track, represented by the 6;J;'s. 
by multiplying ·the former by the 
scale conversion factor, c, which 
you will calculate from the photograph. 
(:-
' 
TITLE: Uniform Acceleration 
VISUAL 
Noj/ (Multiple images of the 
49 • glider accelerating down 
-- , inclined air track, with 
-.,\ 
I 
., images labeled by x 1 s, 
intervals labeled v. . 
1 1-A- I A ·1-,1-+ 
the I the ' I = ! 
I , =. .+1 ut, and i - 1-,1-











) ~ '··' ' 
points in 
_?L! 
(~ best-fitting line drawn 
for the v vs t graph) 
' ~ 
\ j 




(The slope of the best-
fitting line illustrated 














J By dividing these nx' s by the time 
1 elapsed between successive images of 
: the glider, obtained from the frequency 
:of the stroboscope, you will obtain 
1 the actual average velocities of the 













: Next you will graph the average 
i velocities versus time. If the 
l acceleration of the glider along the 
i air track is constant, the plotted 
: points should form a straight line. 
Then by drawing a "best-fitting1' 
line for these.points, you will 
represent the discrete points by 




slope of this line represents 




TITLE: Uniform Acceleration 
VISUf1L 
'~ (}1ul tiple images of the ) 
I ~.3, glider accelerating down the \ 
--"-"-j inclined air track with 
1 
1 lettering w, e as the angle 
U
f inclination of the air j. 




T YP Ei: Drawing 
No.I l 
_s_ll . (A falling apple with its 
. gravitation vectocr labeled 
. "{}) 
l__ . _) 
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NARRATION 143 
Dividing this acceleration by the sine 
of the angle of inclin·ation. of the 
ai·r track should give you an 
accurate approximation to g, the 
accelerati.on due to gravity, 
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TYPE~ Lettering 
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TITLE: Centripetal Force 
VISUAL 
I) 
I (Portrait of Newton) 






"Every body continues in its'\ 
state of rest, or of uniform 
motion in a right (straight) 
line, unless it is compelled 
to change that state by 
forces impressed upon it." I 





(Single image of a body 
undergoing uniform circular 
motion,·with its velocity 











(Single image of a body l 
undergoing uniform circular 
1
! 
motion with its velocity I 
labeled v and the acting 
force labeled F) ~ 
! . ) 
\__, _____________ -"_/ 
TYPE: Drawing 
NARRATION 146 
The branch of physics known as 
classical mechanics is· based primarily 
on the works and the laws of motion 
proposed by the English natural 
1 























































In his book, usually referred to as the 
Principia, Newton states his first law 
in the following way: "Every body 
continues in its state of rest, or of 
uniform motion in a right line, unless 
it is compelled to change that state 
by forces impressed upon it." 
Consider a body undergoing uniform 
circular motion. 
i According to Newton's first law, a 
: force is required· to constrain the 









(Single -image of a. body ·~ 
undergoing uniform circular 1 
motion, with its mass, I 
velocity, and radius of I 
revolution labeled m, v, and J 
r respectively~ the acting ! 
force labeled F, and
2 F(Centripetal) = mv /r 
. written below) )t 
'---·---;-------------
TYPE: Drawing 
\.',· (Two images of a body 
undergoing uniform circular I 
motion, with the velocities 
labeled v, and the acting J 
C 
























Tv or: • I I '-• o Direct Subject 
NARRATION 147 
As you know a force of this type is 
known as a centripetal force, and its 
magnitude is equal to the body's mass 
times its velocity squared, divided by 
its radius of revolution, The use of 
the adjective centripetal to describe 
this force is perhaps unfortunate in 
that it often leads students to believe 
that there is some difference in nature 
between centripetal forces and other 
forces, This, of course, is not the 
case a 
The term centripetal refers to the 
direction of the force, namely radially 
inward, and to the fact that it results 
in a change in the direction of the 
velocity of the body on which it acts, 
rather than in a change in the 
magnitude of the velocity. The name 
centripetal tells us nothing ab.out the 
nature of the force, or about the body 
that exerts the force. 
Let's consider some common examples. 
The centripetal force which causes 
bodies to orbit a planet is due to the 
gravitational force that the planet 
exerts on the bodies, 
' F= 
T JTLE: Centripetal Force 
VISUAL 
No.I --) 
~ (A rotor-like amusement. park 
11
1 
ride in action) 
-·~) 
TYPE: Direct Subject 
,..-
~~'{ l (A ~· '='"· • ··=··, I 
"--··· __ _/ 
TYPE: Direct Subject 
i·~~' (-·-----·· ------------...1 
-~ Experimental 
I ! 
1 Apparatus l 
I 
Tvp·- • 1 t:.. Lettering 
No.~-
16] (Front shot of the 
---- centripetal.force apparatus 
.
1
 with Centripetal Force 
Apparatus written on an 
1 open area) 
! 
j 
\ / ....__ _________ , ______________ _.,./ 
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J In this popular amusement park ride, 
J the centripetal force which causes 
I riders to revolve about the center is 
J due to the force that the seats exert 


















I The centripetal for.ce which allows 
I cars to negotiate turns is due to the 
i frictional force that the road exerts 


















In this experiment you will use this 
centripetal force apparatus, tn 
conjunction with. the experini,.nt 
description, in order to measure and 
analyze the· centripetal force exerted 
on the dark object while it is.· in 
uniform circular motion. 
~-




(Front shot of the 
centripetal force apparatus 
with the wooden base and 
leveling screws pointed out J/ 
~nd labeled) 
I 
Direct Subject with a 
Lettered Overlay 
(Front shot of the ~ 
centripetal force apparatus j 
with the metal housing and 
shaft pointed out and 
labeled, and an arrow 
encircling the shaft) 
~--






J,O 'I (Front shot of the 
_l'Ljl centripetal force apparatus 
with the crossarm and 
I
. thumbscrew pointed out and 
labeled) 
L 










1 centripetal_ force apparatus I 
with the object, cord, 1 
I spring, and screweye pointed :1. 
\ out and labeled) \ 
\____ _______ _ 





The centripetal force apparatus 
consists of a wooden base which rests 
on leveling screws. 
A metal housing, which supports a 
vertical shaft, is attached to the 
base, Radial and thrust bearings in 
the housing allow the shaft to rotate 
freely wi.thout wobbling. 
A crossarm is secured tq the shaft by 
a thumbscrew. 
The object, on which the acting 
centripetal force will be measured, 
is a heavy mass, hooked to a cord 
suspended from one end of the 
crossarm, and hooked by a spring to 
a sc;reweye inserted into the shaft. 
TITLE: Centripetal Force 
VISUAL 
-
21 (Front shot of the No.( 
--- centripetal force apparatus 
with the counterweight and 






TYPE: ·Direct Subject with a 
Lettered Overlay 
~,.,, ''"' ,, '"' 
centripetal force apparatus 
with the indicator rod 












r· I d53•! (Front Shot of the · centripetal force apparatus 
I with the pulley assembly t'•"' on< ~d lob•l•,_d_) __ j 








' ' I -• ~ 
Lettering 
__ / ' / 
rll\RRATION 1 ~ 0 
A counterweight is inserted, and 
. secured by a thumbscrew, near the 
) 
























A vertical rod, whose position is 
adjustable, is mounted on the base, 
and serves as a radius indicator, 
A ball-bearing pulley is mounted on 
a rod near one end of the base, and 
is used to obtain a direct static 
measurement of the centripetal force. 
TITLE: Centripetal Force 
VISUAL 
------------
No f'•=' viewo£ ilie ~ 29 centripetal force appar. atus j 
- in operation with the 1 
. object's mass, frequency, and 





~f~j (Front shot of the I centripetal force apparatus 1 
set up to make a direct 





TYPE: Direct Subject 
lio ,(-------------------·l 
31 l 
--- Free-Body i 
Diagrams 
\__ _______ _ 
-~ 
IYPE: Lettering 




N,~RRA T I ON LJl 
It is left to you to show that in 
order to find the magnitude of the 
centripetal force acting on the object, 
1 you need to measure three quantities: 
: m, the mass of the object, f, its 
1 frequency of revolution, and r, its 
j radius of revolution, and also that the 
centripetal force is equal to 411 
squared, times the mass, times the 
frequency squared, times the radius. 
To check the accuracy of the results 
you obtain dynamically, you will make 
a diree:tstatic measurement of the 
centripetal force. This is 
accomplished by running a length of 
string from the object, over the 
pulley, and suspending the necessary 
weight from the free end to pull the 
object directly over the indicator 
rod. We will use free-body diagrams 
to discover how this method yields 
a direct measurement of the 
centripetal force. 
When the object revolves over the 
indicator rod with uniform speed, the 
forces acting on it are T, the tensiou 
in the strin!l_, W, the weight of the · 
object, and I! , the elastic force of 
the spring. The tension and weight 
both act in the vertical direction, 
and are equal in magnitude, but 
opposite in direction, The only 
horizontal force is due to the elastic 
force of the spring. This is the 
source of the centripetal force,which 
results in the object's radial 
acceleration. 





(Front shot of the· I 
c. ,en tripe tal force apparatus j 
with a person slowly rotatin 




TYPE/: Direct Subject 
~''0 I i , 
_26 
(Front shot of the ~ 
centripetal force apparatus I 
with a person rotating the j 
''ha£' '' "'''"'"''''' ':::::J 
TYPE; Direct Subject 
( -~ No.I (Front shot of the 
___ 2]_! centripetal force apparatus 
! with the objec.t detached 
! from the spring and lined up ! 




"--- . j 
TYPE: Direct Subject 
l"o I( (Front shot of the ~ 1
28 centripetal force apparatus 1 --1 with a person rotau.·ng the .
1 
shaft so that the object 
passes directly over the 1 




TYPE: Direct Subject 
NARRATION m 
J:ou operate the centripetal force 
apparatus by manually rotating a 
knurled portion of the shaft just 
above the metal housing. This allows 
the object to encircle the shaft. 
As you increase the shaft's rate of 
revolution, you also increase the 
object's radius of revolution. 
Prior to operating the apparatus, 
you detach the spring from the object, 
and adjust the positions of the 
crossarm on the shaft and the 
indicator rod on the base, such that 
the bottom tip of the object lines up 
with the indicator rod. 
In this way the indicator rod gives 
you a convenient radial distance at 
which to revolve the object, U you 
revolve the object directly over the 
indicator rod with regularity, then 
you can be sure that the object is 
undergoing fairly uniform circular 
motion, which is the condition under 





TI ~· r I L.c: Centripetal Force 
VISUAL 
No ,~rant view of the -·J 
33_ centripetal force apparatus j 
with a free-body diagram of j 
the forces acting on the' 
· object while making a direct i 
static measurement of the ! 










!~() t i 
3si 
---·-~ (Shot of the questions in 









361 (Front y~ew of the ----1 centripetal force apparatus 
1 in opecration with the 
I 
object's radius of 




TYFE ~ Drawing 
During the direct static measurement, 
the object is pulled out to the same 
radial distance at which it was 
revolving. Since the object is in 
equilibrium, it is evident that w•' 
the weight suspended over the pulley, 
is equal in magnitude, but opposite 
in direction, to the elastic force in 
the spring. Since the spring is 
stretched by the same amount as 
during the operation of the apparatus, 
the weight suspended over the pulley 
represents a direct static measurement 
of the centripetal force. This gives 
you a way to check the accuracy of 
the results you obtain dynamically • 
Hopefully you will find the 
procedure in this experiment and the 
theory behind it to be fairly 
straightforward. However you will find 
the questions in the back of the 
experiment description to be a great 
challenge. They are mostly analytical, 
and show how complex a cacreful 
analysis of a seemingly simple 
experiment can be. Pay careful 
attention to them after the experiment, 
but also consider some of them while 
you perform the experiment. 
For instance you should find that 
the centripetal force increases with 
an increase in the object' s·radius 
of revolution. Try to explain this 
pattern. 
TITLE: Centripetal Force 
VISUAL 
" 
No, ) (Semi close.-up of the object 
revolving about the shaft 
with a 100 gram slotted l 
weight secured between the I 






(Front view of the j 
centripetal force apparatus j 
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Special thanks to ~ 
Sandra McNett-McGowan ~~ 
School of Pharmacy, Media 






Do you think that changing the 
object's mass affects the centripetal 
force? You might test your answer 
experifuantally.by running a trial 
with a slotted weight, of say 100 
grams, secured between the object 
body and the knurled nut, 
Finally, suppose that the axis of 
the spring were not horizontal, 
Would the value you obtain for the 
centripetal force be different from 
one obtained with the spring level? 
lOl--
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